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ABSTRACT
The s t o c k  s t r u c t u r e  o f  summer f l o u n d e r ,  P a r a l i c h t h y s  d e n t a t u s , 
h a s  r e c e n t l y  been  u n d e r  c o n t e n t i o n  by f i s h e r y  m a nage rs  and b i o l o g i s t s  
b e c a u s e  o f  c o n f l i c t i n g  c o n c l u s i o n s  drawn f rom m o r p h o m e t r i c , m e r i s t i c ,  
t a g g i n g ,  and  egg and l a r v a l  d i s t r i b u t i o n  s t u d i e s .  T h i s  s t u d y  had  t h e  
o b j e c t i v e  o f  ex am in in g  t h e  g e n e t i c  r e l a t i o n s h i p s  among p o p u l a t i o n s  o f  
f l o u n d e r  u s i n g  b i o c h e m i c a l  g e n e t i c  v a r i a n t s  a s  d e t e c t e d  by s t a r c h  g e l  
e l e c t r o p h o r e s i s .
F i v e  o f  t h e  s e v e n t e e n  e n z y m a t i c  l o c i  a n a l y z e d  were  found  t o  be 
p o l y m o r p h i c .  S i g n i f i c a n t  d i f f e r e n c e s  be tw e e n  r e g i o n s  w ere  d e t e c t e d  
u s i n g  t h e  l i k e l i h o o d - r a t i o  t e s t  f o r  h e t e r o g e n e i t y .  C l u s t e r  a n a l y s i s  
o f  g e n e t i c  s i m i l a r i t i e s  be tw ee n  sample  p a i r s  s u p p o r t e d  t h e  
h e t e r o g e n e i t y  t e s t  f i n d i n g s  o f  g e n e t i c a l l y  d i s t i n c t  s t o c k s  n o r t h  and 
s o u t h  o f  Cape L o o k o u t ,  N or th  C a r o l i n a .  T h i s  c o n c l u s i o n  s h o u l d  be 
a p p r o a c h e d  c a u t i o u s l y  b e c a u s e  o f  t h e  s m a l l  number o f  i n d i v i d u a l s  in 
s a m p le s  f rom a l o n g  N o r th  C a r o l i n a ' s  O u t e r  B anks .  T agg ing  s t u d i e s  have  
l e d  some t o  b e l i e v e  t h a t  t h i s  i n s h o r e  N or th  C a r o l i n a  p o p u l a t i o n  may be 
g e n e t i c a l l y  d i s t i n c t  from p o p u l a t i o n s  t o  i t s  n o r t h  and s o u t h .
E v i d e n c e  i s  d i s c u s s e d  w hich  c a l l s  t h i s  i d e a  i n t o  q u e s t i o n .
A v e rag e  h e t e r o z y g o s i t y  was c a l c u l a t e d  f o r  360 i n d i v i d u a l s  a t  14 
l o c i  and was found  t o  be h i g h ,  as  in  mos t  p l e u r o n e c t i f o r m  s t u d i e s .
T h i s  f i n d i n g ,  a s  w e l l  as  i n t e r p r e t a t i o n s  o f  t h e  h e t e r o g e n e i t y  t e s t s  
a r e  d i s c u s s e d  i n  l i g h t  o f  t h e  n e u t r a l i s t - s e l e c t i o n i s t  c o n t r o v e r s y .
E l e c t r o p h o r e t i c  s t o c k  i d e n t i f i c a t i o n  o f  summer f l o u n d e r ,
P a r a l i c h t h y s  d e n t a t u s  .
INTRODUCTION
The summer f l o u n d e r ,  P a r a l i c h t h y s  d e n t a t u s  ( L . ) ,  i s  a l e f t - h a n d e d  
f l a t f i s h  in  t h e  f a m i l y  B o t h i d a e  ( P l e u r o n e c t i f o r m e s ) .  I t s  r a n g e  l i e s  
be tw e e n  Cape Cod,  M a s s a c h u s e t t s  and Cape F e a r ,  N o r th  C a r o l i n a  (B ig e lo w  
and S c h r o e d e r ,  1953;  G u t h e r z ,  1 9 6 7 ) .  F l o u n d e r  spend  t h e  summer in  
e s t u a r i n e  and i n s h o r e  w a t e r s  and m i g r a t e  s o u t h - s o u t h e a s t  d u r i n g  t h e  
f a l l  t o  o f f s h o r e  w i n t e r i n g  g r o u n d s  in  3 0 -200  m e t e r s  in  t h e  M idd le  
A t l a n t i c  B ig h t  (Lux and N ic h y ,  1980;  M u raw sk i ,  1970;  P o o l e ,  1 9 6 2 ) .  
Spawning o c c u r s  d u r i n g  t h e  f a l l  o f f s h o r e  m i g r a t i o n  i n  w a t e r  
t e m p e r a t u r e s  r a n g i n g  from 12°C -19°C ,  f o l l o w e d  by l a r v a l  and p o s t -  
l a r v a l  d r i f t  i n s h o r e  and m i g r a t i o n  t o  e s t u a r i n e  and c o a s t a l  n u r s e r y  
a r e a s  ( S m i t h ,  1973;  W i l l i a m s  and D e u b l e r ,  1 9 6 8 ) .
Summer f l o u n d e r  s u p p o r t  i m p o r t a n t  c o m m erc ia l  and r e c r e a t i o n a l  
f i s h e r i e s .  A w i n t e r  t r a w l  f i s h e r y  which  began  a b o u t  1920 o f f  t h e  
c o a s t s  o f  V i r g i n i a  and N o r th  C a r o l i n a  ( P e a r s o n ,  1932) and i n  t h e  e a r l y  
1 9 5 0 ' s  o f f  s o u t h e r n  New E n g lan d  (B ig e lo w  and S c h r o e d e r ,  1953) 
p r o g r e s s e s  t o  d e p t h s  o f  200 m e t e r s  w i t h  t h e  o f f s h o r e  m i g r a t i o n  
( E l d r e d g e ,  1 9 6 2 ) .  A f a l l  and  e a r l y  w i n t e r  t r a w l  f i s h e r y ,  o p e r a t i n g  i n  
d e p t h s  o f  a b o u t  20 m e t e r s  o f f  t h e  V i r g i n i a  and N or th  C a r o l i n a  c o a s t s ,  
p r o v i d e s  i m p o r t a n t  s u p p l e m e n t a l  income f o r  i n s h o r e  f i s h e r m e n .  A s m a l l  
v e s s e l  f i s h e r y  o p e r a t e s  f rom May t o  O c t o b e r  i n s h o r e  o f  t h e  36 m e t e r  
c o n t o u r  t h r o u g h o u t  t h e  f l o u n d e r ' s  r a n g e  (MacPhee,  1975;  R e i n t j e s  and  
R o i t h m a y r ,  1 9 6 0 ) .  The S ou th  Sho re  bays  o f  Long I s l a n d  ( B r i g g s ,  1 9 6 2 ) ,
2
3New J e r s e y  B ay s ,  E a s t e r n  Shore  o f  V i r g i n i a  ( M a r s h a l l ,  1 9 7 8 ) ,  and 
P a m l i c o  S ound ,  N o r th  C a r o l i n a  s u p p o r t  summer r e c r e a t i o n a l  f i s h e r i e s .  
D ue l  ( 1 9 7 9 )  p l a c e s  t h e  r e c r e a t i o n a l  c a t c h  a t  30% o f  t h e  t o t a l  a n n u a l  
h a r v e s t .  A n n u a l  l a n d i n g s  have  g e n e r a l l y  i n c r e a s e d  f rom a low o f  2 ,7 3 4  
m e t r i c  t o n s  in  1969 t o  12 ,061  m e t r i c  t o n s  in  1982 ( F i s h e r i e s  o f  t h e  
U n i t e d  S t a t e s ,  1 9 8 2 ) .
The N a t i o n a l  M ar in e  F i s h e r i e s  S e r v i c e  (NMFS) management p l a n  f o r  
summer f l o u n d e r  i s  b a s e d  on t h e  s u p p o s i t i o n  t h a t  one s t o c k  e x i s t s  i n  
t h e  M id d le  A t l a n t i c  B i g h t .  R ece n t  s t u d i e s  i n d i c a t e  t h a t  two o r  more  
s t o c k s  a r e  p r e s e n t  (W ilk  e t .  a l . ,  1980;  G i l l i k e n ,  i n  p r e p . ) .
Management r e g u l a t i o n s  b a s e d  on a  one s t o c k  h y p o t h e s i s  would  be  
i n e q u i t a b l e  t o  f i s h e r m e n  i f  two o r  more s t o c k s  e x i s t  w h ich  h a v e  
d i f f e r i n g  p o p u l a t i o n  p a r a m e t e r s  as  t h e  e v i d e n c e  i n d i c a t e s  (Chang and 
P a c h e c o ,  1976;  M o rs e ,  1981;  P o w e l l ,  1 9 7 4 ) .  T h i s  s t u d y  was i n i t i a t e d  
t o  d e t e r m i n e  i f  t h e  p r o p o s e d  s t o c k s  a r e  g e n e t i c a l l y  d i s t i n c t  by  u s e  o f  
t h e  zymogram t e c h n i q u e  o f  s t a r c h  g e l  e l e c t r o p h o r e s i s  ( S m i t h i e s ,  1935) 
i n  c o n j u n c t i o n  w i t h  h i s t o c h e m i c a l  s t a i n i n g  methods  ( H u n t e r  and M a r k e t ,  
1 9 5 7 ) .  T h e s e  benchm ark  works h a v e  p r o v i d e d  t h e  p o p u l a t i o n  g e n e t i c i s t  
w i t h  a s e n s i t i v e  t o o l  t o  m e a s u re  a l l e l e  f r e q u e n c y  v a r i a t i o n  among 
p o p u l a t i o n s .  E l e c t r o p h o r e t i c  a n a l y s e s  o f  m a r i n e  f i s h e s  h a v e  p r o v e d  t o  
be  an  i n v a l u a b l e  t o o l  i n  e l u c i d a t i n g  s t o c k  s t r u c t u r e  ( F a i r b a i m ,  1981;  
G r a n t  and  U t t e r ,  1980;  G ra n t  e t  a l .  1 9 8 0 ) .
4THE STOCK CONCEPT AND ITS RELATION TO SUMMER FLOUNDER LIFE HISTORY
G e n e t i c i s t s  and f i s h e r y  m anagers  have  d i f f e r e n t  d e f i n i t i o n s  f o r  
t h e  t e r m  s t o c k .  The fo rm e r  g ro u p  o f t e n  u s e s  " s t o c k "  t o  r e f e r  t o  a 
M e n d e l i a n  p o p u l a t i o n  -  a g e n e t i c a l l y  i s o l a t e d  s u b p o p u l a t i o n  w i t h i n  
w h ich  b r e e d i n g  i s  random (D ob zh an sk y ,  1 9 5 0 ) .  Booke (1981)  f u r t h e r  
r e s t r i c t s  t h i s  g e n o t y p i c  d e f i n i t i o n  t o  a p o p u l a t i o n  o f  f i s h  
m a i n t a i n i n g  and s u s t a i n i n g  H ardy -W einbe rg  e q u i l i b r i u m ,  t h u s  im p ly in g  
no m i x in g  b e tw e e n  d i f f e r e n t  p o p u l a t i o n s  and t h e  a b s e n c e  o f  s e l e c t i o n .  
The l a t t e r  g r o u p  o f t e n  v iew s  a s t o c k  a s  a management u n i t ,  a s  a g r o u p
o f  f i s h  w h ich  r e a c t s  s i m i l a r l y  u n d e r  some a n a l y t i c  f i s h e r i e s  mode l  o r
w h ich  i s  managed as  a  s i n g l e  u n i t  b a s e d  on c e r t a i n  b i o l o g i c a l ,  
p o l i t i c a l ,  and economic  f a c t o r s  ( L a r k i n ,  1 9 7 2 ) .  G u l l a n d  (1969 )  and 
R i c k e r  (1975)  u s e  s h a r e d  p o p u l a t i o n  p a r a m e t e r s  as  a c r i t e r i o n  f o r  
s t o c k  d i f f e r e n t i a t i o n ,  G u l l a n d  g o in g  so f a r  a s  t h e  f o l l o w i n g :
"A u n i t  s t o c k  a s  u s e d  h e r e ,  does  n o t  n e c e s s a r i l y  c o r r e s p o n d  
t o  a b i o l o g i c a l  o r  g e n e t i c  u n i t .  T h u s ,  i f  two s p e c i e s  i n  an  
a r e a  h a v e  t h e  same g ro w th  p a t t e r n  and m o r t a l i t y  r a t e s  and 
a r e  f i s h e d  on t h e  same g ro u n d s  by t h e  same g e a r ,  t h e n ,  a t
l e a s t  i n  t h e  e a r l y  s t a g e s  o f  a n a l y s i s  when d a t a  a r e  s c a r c e ,
i t  may be p e r m i s s i b l e  t o  t r e a t  them as  a s i n g l e  s t o c k . "
Most d e f i n i t i o n s  h o w e v e r ,  i n c l u d e  some d e g r e e  o f  g e n e t i c  
d i s t i n c t i o n  be tw e e n  g r o u p s  o f  f i s h  ( i h s s e n  e t .  a l .  1 9 8 1 ) .  I n  t h i s  
s t u d y  I  d e f i n e  " s t o c k "  a s  a  g e n e t i c a l l y  homegeneous  u n i t .  I  a d o p t
5t h i s  d e f i n i t i o n  b e c a u s e  o f  t h e  f o l l o w i n g  two phenomena:  F i r s t ,  low 
l e v e l s  o f  m i g r a t i o n  may e l i m i n a t e  any  s i g n i f i c a n t  d i f f e r e n c e s  in  
a l l e l e  f r e q u e n c i e s  b e tw e e n  p r e s u m p t i v e  s t o c k s ,  b u t  may n o t  be 
s u f f i c i e n t  t o  c a u s e  t h e  g r o u p s  t o  behave  as  a s i n g l e  a n a l y t i c  u n i t .  
S e c o n d ,  d i f f e r e n c e s  i n  a l l e l e  f r e q u e n c i e s  b e tw ee n  g r o u p s  o f  f i s h  i s  
n o t  d e f i n i t i v e  p r o o f  o f  r e p r o d u c t i v e  i s o l a t i o n  ( A l l e n d o r f  and P h e l p s ,  
1 9 8 1 ) .  T h u s ,  e l e c t r o p h o r e t i c  s t o c k  a n a l y s i s  p r o v i d e s  d a t a  w hich  c an  
n o t  c o n c l u s i v e l y  i d e n t i f y  a M e n d e l i a n  p o p u l a t i o n  b u t  a r e  b e t t e r  s u i t e d  
t o  i d e n t i f y  f i s h  s h a r i n g  a common, u n i q u e ,  gene  p o o l .
V a r io u s  m o r p h o l o g i c a l ,  e c o l o g i c a l ,  and b i o c h e m i c a l  t o o l s  hav e  
b e e n  u s e d  t o  d i s t i n g u i s h  s t o c k s .  I t  s h o u l d  be  k e p t  i n  mind t h a t  e a c h  
m e th o d o l o g y  r e f e r s  t o  c e r t a i n  a s p e c t s  o f  t h e  s t o c k  c o n c e p t .
G e o g r a p h ic  d i f f e r e n c e s  i n  c e r t a i n  p o p u l a t i o n  p a r a m e t e r s  e s t i m a t e d  
i n  summer f l o u n d e r  h a v e  s u g g e s t e d  p o s s i b l e  s t o c k  d i f f e r e n t i a t i o n .  
R e g i o n a l  d i f f e r e n c e s  i n  mean s i z e  a t  s e x u a l  m a t u r i t y  h a v e  been  
o b s e r v e d .  Morse (1 9 8 1 )  r e p o r t e d  mean s i z e  f o r  m a t u r e  f e m a l e s  t o  be  
3 3 . 2 2  cm n o r t h  o f  D e la w a re  Bay and 3 0 .5 1  cm s o u t h  o f  D e law are  Bay .  
Morse (19 8 1 )  a l s o  found  l e n g t h  a t  m a t u r i t y  t o  c o i n c i d e  w i t h  l e n g t h  a t  
a g e  tw o ,  w h i l e  G i l l i k e n  (19 8 3 )  s t u d y i n g  f i s h  sam pled  o f f  t h e  V i r g i n i a  
and  N o r th  C a r o l i n a  c o a s t s  r e p o r t s  t h e  m a j o r i t y  do n o t  spawn u n t i l  age  
f o u r .  W hi le  t h e  ab o v e  s t u d i e s  in  no way p r o v e  t h e  e x i s t e n c e  o f  
s e p a r a t e  g e n e t i c  s t o c k s  t h e  r e s u l t s  may be i n t e r p r e t e d  as  r e f l e c t i n g  
some r e g i o n a l  r e p r o d u c t i v e  i s o l a t i o n ,  how ever  d i f f e r e n c e s  in  
e x p e r i m e n t a l  d e s i g n  may h a v e  r e s u l t e d  i n  d i f f e r i n g  p o p u l a t i o n  
p a r a m e t e r s .  A l s o ,  b e c a u s e  o f  t h e i r  s e n s i t i v i t y  t o  e x t r i n s i c  f a c t o r s ,  
p o p u l a t i o n  p a r a m e t e r s  may r e f l e c t  t h e  e n v i r o n m e n t a l  v a r i a b l e s  t o  w h ich  
e a c h  g r o u p  o f  f i s h  i s  e x p o s e d .
6T agg ing  s t u d i e s  done on p o p u l a t i o n s  o f  summer f l o u n d e r  have  been  
u s e d  t o  i n f e r  s t o c k  s t r u c t u r e .  Murawski (1970)  t a g g e d  f l o u n d e r  d u r i n g  
t h e  summer in  Sandy Hook Bay and o f f  Cape May, New J e r s e y .  R e t u r n s  
showed a s o u t h  and e a s t  movement d u r i n g  t h e  f a l l  and w i n t e r  m i g r a t i o n .  
W hi le  t h e  m a j o r i t y  o f  f i s h  r e t u r n e d  t o  t a g g i n g  s i t e s  in  s u b s e q u e n t  
summers a p p r o x i m a t e l y  one t h i r d  o f  t h e  r e t u r n s  w ere  r e p o r t e d  n o r t h  and 
e a s t  from e a s t e r n  Long I s l a n d  and s o u t h e r n  New E n g l a n d .  P o o l e  ( 1 9 6 2 ) ,  
t a g g i n g  f l u k e  a l o n g  t h e  Sou th  S ho re  o f  Long I s l a n d ,  found a l a r g e  
p e r c e n t a g e  o f  f i s h  r e t u r n i n g  t o  t h e  s o u t h  s h o r e  b a y s  in  s u b s e q u e n t  
summers w i t h  some summer r e t u r n s  o c c u r r i n g  in  New England  w a t e r s .  A 
v e r y  s m a l l  p e r c e n t a g e  o f  summer r e t u r n s  were  f rom New J e r s e y  o r  s o u t h .  
Hamer and Lux (1962 )  and Lux and N ichy  ( 1 9 8 1 ) ,  t a g g i n g  f i s h  on t h e i r  
o f f s h o r e  w i n t e r i n g  g ro u n d s  e a s t  o f  Hudson Canyon ,  o b s e r v e d  a n o r t h  and 
e a s t  movement d u r i n g  t h e  i n s h o r e  m i g r a t i o n  w i t h  no s o u t h w e s t  movement 
t o  t h e  New J e r s e y  s h o r e  o r  s o u t h .  I n  s u b s e q u e n t  w i n t e r s  mos t  o f  t h e  
r e t u r n s  were  n e a r  t h e  a r e a  o f  t a g g i n g .  F l o u n d e r  t a g g e d  o f f  t h e  N o r th  
C a r o l i n a  c o a s t ,  G i l l i k e n  ( i n  p r e p . )  showed a t e n d e n c y  t o  summer in  
V i r g i n i a  and M ary land  w a t e r s  w i t h  a n o t i c a b l e  number  o f  r e t u r n s  ( s e v e n  
and t h r e e  p e r c e n t  i n  s u b s e q u e n t  y e a r s )  coming f rom n o r t h  o f  New 
J e r s e y .  No r e t u r n s  h a v e  been  r e p o r t e d  from t h e  o f f s h o r e  f i s h e r y .  As 
d e s c r i b e d  a b o v e ,  t a g g i n g  s t u d i e s  s u p p l y  i n f o r m a t i o n  on t h e  r a n g e  and 
d e g r e e  o f  m ix in g  b e tw ee n  g r o u p s  o f  f i s h .  When i n f e r r i n g  s t o c k  
s t r u c t u r e  f rom su c h  s t u d i e s  i t  s h o u l d  be k e p t  i n  mind t h a t  r e t u r n s  a r e  
d e p e n d e n t  on f i s h i n g  p r e s s u r e  and f i s h e r m e n ' s  a t t i t u d e s ,  and t h a t  a l l  
s t a g e s  o f  l i f e  h i s t o r y  s h o u l d  be f o l l o w e d ,  b e c a u s e  j u v e n i l e  
r e c r u i t m e n t  may have  a marked  e f f e c t  on g e n e t i c  s e p a r a t i o n  o f  s t o c k s .
7Wilk  e t . a l .  (19 8 0 )  d i d  a m o r p h o m e t r i c  c o m p a r i s o n  on summer 
f l o u n d e r  s am p le s  c o l l e c t e d  a l o n g  t h e  e a s t e r n  s e a b o a r d  from New York t o  
F l o r i d a .  They s u b j e c t e d  t h e i r  d a t a  t o  l i n e a r  d i s c r i m i n a n t  a n a l y s i s  
and c o n c l u d e d  t h a t  f l o u n d e r  sam ple s  n o r t h  o f  Cape H a t t e r a s  were  
d i f f f e r e n t  f rom t h o s e  t o  t h e  s o u t h .  G i n s b e r g  (1952 )  and Smith  and 
D a i b e r  (1977)  u s i n g  m e r i s t i c s  a l s o  found  e v i d e n c e  o f  two s t o c k s  o f  
summer f l o u n d e r .  U n f o r t u n a t e l y ,  t h e  s e a s o n a l  and  g e o g r a p h i c  
d i s t r i b u t i o n  o f  s a m p le s  i n  t h e s e  s t u d i e s  w e re  i n a d e q u a t e  t o  t e s t  t h e  
h y p o t h e s i s  o f  s e p a r a t e  s t o c k s  n o r t h  and s o u t h  o f  Cape H a t t e r a s .  
A l th o u g h  m o r p h o m e t r i c  and m e r i s t i c  a n a l y s i s  hav e  b e e n  i m p o r t a n t  t o o l s  
f o r  s t o c k  s e p a r a t i o n  in  t h e  p a s t ,  t h e r e  a r e  a number o f  l i m i t a t i o n s .  
F i r s t ,  numerous  s t u d i e s  have  d e m o n s t r a t e d  r a t e  d i f f e r e n c e s  b e tw e e n  
o r g a n i s m a l  and  m o l e c u l a r  e v o l u t i o n  ( C l a y t o n ,  1981 and Gorman and  Kim, 
1 9 7 7 ) .  Lack o f  m o r p h o l o g i c a l  v a r i a t i o n  b e tw e e n  g r o u p s  o f  f i s h  does  
n o t  n e c e s s a r i l y  mean t h e s e  g r o u p s  a r e  g e n e t i c a l l y  s i m i l a r .  As S a r i c h  
(1977)  has  s t a t e d ,  "The most  i m p o r t a n t  t h i n g  t o  a p p r e c i a t e  a b o u t  t h e  
r e l a t i o n s h i p  b e tw e e n  m o l e c u l a r  and  o r g a n i s m a l  e v o l u t i o n  i s  t h a t  t h e r e  
g e n e r a l l y  i s  n o n e " .  S e c o n d ,  t h e  e f f e c t s  o f  e n v i r o n m e n t a l  p a r a m e t e r s  
s u c h  a s  s a l i n i t y  and  t e m p e r a t u r e  on d e v e lo p m e n t  o f  m o r p h o l o g i c a l  
c h a r a c t e r s  a r e  p o o r l y  u n d e r s t o o d  (Bock ,  1980;  S t a n l e y ,  1 9 7 9 ) .
F i n a l l y ,  i n t r a s p e c i f i c  m e r i s t i c  d i f f e r e n c e s  have  been  shown t o  be  
e n v i r o n m e n t a l l y  i n d u c e d ;  f o r  e x a m p le ,  l o n g e r  d e v e l o p m e n t a l  p e r i o d s  i n  
l o w e r  t e m p e r a t u r e  e n v i r o n m e n t s  h a v e  p r o d u c e d  h i g h e r  c o u n t s  i n  m e r i s t i c  
s t r u c t u r e  ( B a r l o w ,  1961;  T a n n i g ,  1 9 5 2 ) .  I n  summary,  i t  i s  d i f f i c u l t  
i n  s u c h  s t u d i e s  t o  a t t a c h  a g e n e t i c  b a s i s  t o  m o r p h o l o g ic  o r  m e r i s t i c  
v a r i a t i o n .
8The m a j o r  a d v a n t a g e  o f  e l e c t r o p h o r e t i c  s t o c k  a n a l y s i s  compared t o  
t h e  above  m e thods  i s  t h a t  d a t a  can  be g i v e n  a g e n e t i c  i n t e r p r e t a t i o n .  
E l e c t r o p h o r e s i s  d e t e c t s  e l e c t r i c  c h a r g e  d i f f e r e n c e s  b e tw ee n  p r o t e i n  
m o l e c u l e s .  Such d i f f e r e n c e s  a r e  c a u s e d  by amino a c i d  s u b s t i t u t i o n s  in  
t h e  v a r i a n t  p r o t e i n .  T h e s e  v a r i a n t  m o l e c u l a r  fo rm s  a r e  t e rm e d  
i sozym es  -  m u l t i p l e  m o l e c u l a r  forms o f  a g i v e n  enzyme o c c u r r i n g  e i t h e r  
i n  a s i n g l e  i n d i v i d u a l  o r  i n  d i f f e r e n t  members o f  a s p e c i e s  -  and  a r e  
coded  f o r  by c o d o m in a n t  a l l e l e s  ( H a r r i s  and H o p k in s o n ,  1 9 7 6 ) .  
Codominan t  e x p r e s s i o n  o f  d i f f e r e n t  a l l e l e s  a t  a g i v e n  l o c u s  a l l o w s  t h e  
g e n o t y p e s  o f  i n d i v i d u a l  s a m p le s  t o  be d e t e r m i n e d  f rom s t a i n i n g  
p a t t e r n s  on g e l s  s i n c e  e a c h  o f  t h e  a l l e l e s  i s  e x p r e s s e d  a s  a s i n g l e ,  
d i s t i n c t  enzyme.  A l l e l e  f r e q u e n c i e s  can  t h e n  be  d e t e r m i n e d  f rom a 
s am p le  o f  i n d i v i d u a l s ,  and v a r i o u s  g e n e t i c  p a r a m e t e r s  o f  a p o p u l a t i o n  
c a n  be  e s t i m a t e d .
METHODOLOGY
A. E l e c t r o p h o r e t i c  T e c h n i q u e s
The s t a r c h  g e l  e l e c t r o p h o r e s i s  s y s t e m  o f  S m i t h i e s  (1955)  a s  
a p p l i e d  t o  f i s h  by May e t . a l .  (1 9 7 9 )  and U t t e r  e t . a l .  ( 1 9 7 4 )  was 
u s e d .  A l t h o u g h  p o l y a c r y l i m i d e  g e l  e l e c t r o p h o r e s i s  i s  known t o  g i v e  
more d i s t i n c t  r e s o l u t i o n  w i t h  many enzym es ,  s t a r c h  g e l  e l e c t r o p h o r e s i s  
ha s  t h e  a d v a n t a g e  o f  b e i n g  f a s t e r  and more f l e x i b l e ,  r e s u l t s  a r e  more  
r e p e a t a b l e ,  and more g e n e t i c  i n f o r m a t i o n  i s  o b t a i n e d  p e r  r u n  ( U t t e r  
e t . a l .  1 9 7 4 ) .  Forms f o r  h o r i z o n t a l  s t a r c h  g e l  e l e c t r o p h o r e s i s  w e re  
c o n s t r u c t e d  o f  f o u r  a c r y l i c  p l e x i g l a s s  s t r i p s  ( l o n g e r  s t r i p s  m e a s u r i n g  
1 6 5 x 1 9 x 6 . 4  mm) c lam ped  t o  a 2 5 4 x 1 9 x 6 .4  mm g l a s s  p l a t e  ( F i g u r e  1 ) .
G e l s  w ere  p r e p a r e d  u s i n g  15 % s t a r c h  ( E l e c t r o s t a r c h  C o . ;  M a d i s o n ,  WS; 
L o t # 3 9 2 )  i n  t h e  a p p r o p r i a t e  b u f f e r .  The s t a r c h  i s  mixed w i t h  t h e  
t o t a l  vo lum e o f  c o l d  b u f f e r ,  h e a t e d  u n t i l  b o i l i n g ,  d e g a s s e d  f o r  
a p p r o x i m a t e l y  one m i n u t e ,  p o u r e d  i n t o  t h e  forms d e s c r i b e d  above  and 
a l l o w e d  t o  c o o l  t o  room t e m p e r a t u r e .
Crude  hom ogena tes  o f  l i v e r ,  w h i t e  s k e l e t a l  m u s c l e ,  and whole  eye  
w e re  p r e p a r e d  by  m e c h a n i c a l  d i s r u p t i o n  o f  a t i s s u e  sample  i n  a n  e q u a l  
vo lum e o f  0.9% s a l i n e  s o l u t i o n .  H o m o g e n i z a t i o n ,  c e n t r i f u g a t i o n ,  
s o n i f i c a t i o n , and s u s p e n s i o n  o f  t i s s u e  sam p les  in  b u f f e r s  c o n t a i n i n g  
s t a b i l i z i n g  a g e n t s  s uch  a s  EDTA and m e r c a p t o e t h a n o l  w ere  t e s t e d  t o
9
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F i g u r e  1 .  E l e c t r o p h o r e t i c  a p p a r a t u s  showing b u f f e r  t r a y s ,  form 
c o n t a i n i n g  g e l ,  and w i c k s .
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d e t e r m i n e  any  i n c r e a s e d  r e s o l u t i o n  o f  b a n d s .  None o f  t h e s e  t r e a t m e n t s  
a l t e r e d  b a n d i n g  p a t t e r n s .  P h e n o ty p e s  o f  f r e s h l y  k i l l e d  s p e c im e n s  w e re  
com pared  w i t h  f i s h  f r o z e n  up t o  n i n e  m o n t h s .  No d i f f e r e n c e s  b e tw e e n  
t h e s e  were  o b s e r v e d .  The g e l  was c u t  t h r e e  c e n t i m e t e r s  f rom t h e  end 
a l o n g  t h e  s h o r t  s i d e .  P a p e r  w ick s  (3x8 mm c h r o m a to g r a p h y  p a p e r )  w ere  
d i p p e d  in  t h e  c r u d e  hom ogena te  and p l a c e d  v e r t i c a l l y ,  s i d e  by s i d e ,  in  
t h e  g e l  c u t  w i t h  a p p r o x i m a t e l y  two m i l l i m e t e r  s p a c i n g  b e tw e e n  w i c k s ;  
t h i r t y  w ic k s  were  p l a t e d  on e a c h  g e l  ( f i f t e e n  i n d i v i d u a l s ,  two t i s s u e s  
p e r  i n d i v i d u a l ) . A l a s t  w ick  c o n t a i n e d  a dye m a rk e r  t o  m o n i t o r  t h e  
r a t e  o f  p r o t e i n  m i g r a t i o n .  I n t e r n a l  s t a n d a r d s  were  r o u t i n e l y  r u n  t o  
v e r i f y  i d e n t i c a l  a l l e l e s  i n  d i f f e r e n t  p o p u l a t i o n s .  A b s o r b e n t  c l o t h s  
( H a n d i - w i p e s ) were  u sed  t o  c o n d u c t  c u r r e n t  f rom t h e  e l e c t r o d e  b u f f e r  
t o  t h e  ends  o f  t h e  g e l .
B u f f e r  s y s t e m - v o l t a g e - t i m e  c o m b i n a t i o n s  w ere  d e t e r m i n e d  by t r i a l  
and  e r r o r .  When f i r s t  u s i n g  a b u f f e r  s y s t e m  f o r  p a r t i c u l a r  enzymes 
t h e  b u f f e r  pH was c l o s e  t o  optimum f o r  t h e  enzyme,  w i t h  
e l e c t r o p h o r e s i s  c a r r i e d  o u t  f o r  a r e l a t i v e l y  s h o r t  p e r i o d  o f  t i m e  a t  
low v o l t a g e .  C o n d i t i o n s  w ere  g r a d u a l l y  a l t e r e d  u n t i l  optimum 
s e p a r a t i o n  o f  t h e  isozyme was a c h i e v e d .  B u f f e r  s y s t e m s  1 and  2 be low  
ga v e  t h e  b e s t  r e s o l u t i o n  f o r  t h e  m a j o r i t y  o f  enzymes :
1 .  TCLB -  G e l :  0.03M T r i s  -  0.005M C i t r i c  a c i d ,  pH 8 . 5 .
E l e c t r o d e :  0.06M L i t h i u m  h y d r o x i d e  -  0.3M B o r i c
a c i d ,  ph  8 . 1 .  G e ls  were  made u s i n g  99% g e l  b u f f e r  
and 1% e l e c t r o d e  b u f f e r  (Ridgeway e t . a l .  1 9 7 0 ) .
2 .  CA -  G e l :  0.002M C i t r i c  a c i d ,  pH 6 . 0 .  E l e c t r o d e :  0 .04M
C i t r i c  a c i d ,  pH 6 . 1 .  Both b u f f e r s  a r e  pH a d j u s t e d
w i t h  N - ( 3 - A m i n o p r o p y l ) - m o r p h o l i n e ( C l a y t o n  and 
T r e t  i a k , 1 9 7 2 ) .
3 .  TBE -  S to c k :  0.9M T r i s  -  0.5M B o r ic  a c i d  -  0.2M Na EDTA 
pH 8 . 7 .  G e l :  1 :2 0  d i l u t i o n  o f  s t o c k .  E l e c t r o d e :  
1 :6  d i l u t i o n  o f  s t o c k  (M arke t  and F a u l h a b e r ,
1965) .
An i n i t i a l  v o l t a g e  o f  165 V was a p p l i e d  f o r  15 m i n u t e s .  The 
w ick s  were  t h e n  rem oved ,  t h e  two s e c t i o n s  o f  g e l  were  p l a c e d  f i r m l y  
t o g e t h e r ,  t h e  g e l  was c o v e r e d  w i t h  S a ra n  Wrap, and an  i c e  p a c k  on a 
g l a s s  p l a t e  was p l a c e d  on t o p  o f  t h e  g e l .  An e l e c t r i c a l  p o t e n t i a l  o f  
250 -300  V was a p p l i e d  u n t i l  t h e  dye m a r k e r  had m i g r a t e d  7 0 -9 0  mm from 
t h e  o r i g i n .  At t h e  c o m p l e t i o n  o f  e l e c t r o p h o r e s i s  t h e  g e l  was s l i c e d  
two t o  f o u r  t i m e s  h o r i z o n t a l l y  by s e q u e n t i a l l y  p l a c i n g  1 . 6  mm t h i c k  
p l e x i g l a s s  s t r i p s  on t h e  s i d e s  o f  t h e  g e l  and d r a w in g  m o n o f i l a m e n t  
f i s h i n g  l i n e  t h r o u g h  t h e  g e l .  The s l i c e s  w ere  t h e n  p l a c e d  i n t o  
p l a s t i c  s t a i n i n g  t r a y s .
D i f f e r e n t i a l  s t a i n i n g  t e c h n i q u e s  i n v o l v i n g  s p e c i f i c  s u b s t r a t e s  
a l l o w e d  d e t e c t i o n  o f  a  p a r t i c u l a r  enzyme even  in  an  impure  hom ogena te  
S t a i n i n g  s o l u t i o n s  g e n e r a l l y  c o n t a i n e d  t h e  dye m e t h y l  t h i a z o l y l  
t e t r a z o l i u m  (MTT), an  i n t e r m e d i a r y  c a t a l y s t  p h e n a z i n e  m e t h o s u l p h a t e  
(PMS), t h e  coenzyme NAD o r  NADP and t h e  s u b s t r a t e  on w hich  t h e  enzyme 
a c t s ,  i n  a  b u f f e r  m a i n t a i n i n g  t h e  optimum pH f o r  t h e  r e a c t i o n .  When 
f i r s t  u s i n g  a s t a i n ,  t h e  s p e c i f i c i t y  o f  a  r e a c t i o n  was t e s t e d  by 
o m i t t i n g  e a c h  i n d i v i d u a l  c o n s t i t u e n t  o f  t h e  s t a i n i n g  m i x t u r e  one  a t  a 
t i m e ,  i n  o r d e r  t o  s e e  i f  any  i sozym es  a p p e a r  even  when t h e  r e a c t i o n  
was a p p a r e n t l y  i n c o m p l e t e .  No u n e x p l a i n a b l e  s t a i n i n g  o c c u r r e d .  I n  
o r d e r  t o  b e t t e r  l o c a l i z e  t h e  r e a c t i o n  a t  t h e  s i t e  o f  enzyme a c t i v i t y
t h e  a g a r  o v e r l a y  me thod  o f  s t a i n i n g  was u s e d  (B re w e r ,  1 9 7 0 ) .  The 
s t a i n i n g  s y s t e m s  u s e d  w ere  t a k e n  f rom t h e  f o l l o w i n g  r e f e r e n c e s :  
A l l e n d o r f  e t  . a l .  ( 1 9 7 7 ) ,  H a r r i s  and  H opk inson  ( 1 9 7 6 ) ,  Shaw and P r a s a d  
( 1 9 7 0 ) ,  and S i c l i a n o  and Shaw ( 1 9 7 6 ) .
The s y s t e m  o f  n o m e n c l a t u r e  u s e d  in  t h i s  s t u d y  i s  b a s e d  on t h a t  
p r o p o s e d  by A l l e n d o r f  and  U t t e r  ( 1 9 7 9 ) .  An a b b r e v i a t i o n  d e s i g n a t e s  
e a c h  enzyme w h ich  when f o l l o w e d  by a hyphen  r e p r e s e n t s  t h e  m u l t i p l e  
fo rm s  o f  t h e  same enzyme ( d i f f e r e n t  l o c i  c a t a l y z i n g  t h e  same e n z y m a t i c  
r e a c t i o n ) .  One a l l e l e  f o r  e a c h  l o c u s  ( g e n e r a l l y  t h e  most  common o n e )  
i s  d e s i g n a t e d  100 .  O t h e r  a l l e l e s  a r e  t h e n  a s s i g n e d  a n u m e r i c a l  v a l u e  
r e p r e s e n t i n g  t h e i r  r e l a t i v e  m o b i l i t y  t o  a l l e l e  100 .  T hus ,  t h e  a l l e l e  
a t  t h e  mos t  a o d a l  MDH l o c u s  c o d i n g  f o r  an  enzyme m i g r a t i n g  5 mm 
f a r t h e r  t h a n  t h e  common a l l e l e  i s  d e s i g n a t e d  MDH-1 ( 1 0 5 ) .
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B. Sample C o l l e c t i o n  \  ^
Samples  o f  f l o u n d e r  on t h e i r  o f f s h o r e  w i n t e r i n g  g ro u n d s  w ere  
c o l l e c t e d  d u r i n g  t h e  1982 and  1983 NMFS w i n t e r - s p r i n g  g r o u n d f i s h  
s u r v e y .  T h i s  s u r v e y ,  c o v e r i n g  t h e  c o n t i n e n t a l  s h e l f  from Nova S c o t i a  
t o  Cape F e a r ,  N o r th  C a r o l i n a  i s  b a s e d  on a s t r a t i f i e d  random d e s i g n ;  
e a c h  zone s t r a t i f i e d  by d e p t h  and l a t i t u d e  ( C l a r k  and Brown, 1 9 7 7 ) .  
W hi le  s a m p l in g  was random t h e  m a j o r i t y  o f  s a m p le s  came from two 
l o c a l i t i e s :  a l o n g  t h e  edge  o f  t h e  c o n t i n e n t a l  s h e l f  be tween  3 7 ° 1 6 ,'N
and 3 5 ° 5 1 'N ;  and b e t w e e n  3 4 ° 3 5 'N  76°35 'W and  3 4 °2 2 'N  76°40 'W, a 
v i c i n i t y  s o u t h  o f  Cape Lookout S h o a l s .  T h i s  clumped sam p l ing  would  
make i t  d i f f i c u l t  t o  d e t e c t  a  c l i n a l  d i s t r i b u t i o n  o f  a l l e l e
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f r e q u e n c i e s .  A m o d i f i e d  "41 Y ankee"  t r a w l  was u s e d  w i t h  r o l l e r s  t o  
make i t  s u i t a b l e  f o r  u s e  on r o u g h  b o t t o m s . Whole f l o u n d e r  w ere  s o r t e d  
by s t a t i o n  and  f r o z e n  a s  soon  a s  p o s s i b l e  f o r  l a t e r  a n a l y s i s .  T h e s e  
s a m p le s  w ere  t a k e n  d u r i n g  t h e  h y p o t h e t i c a l  p e r i o d  o f  maximum s t o c k  
s e p a r a t i o n .  Summer s a m p l e s  w ere  r an d o m ly  sam pled  f rom c o m m e r c i a l  
f i s h e r m e n  and c o l l e c t e d  d u r i n g  s t a t e
f i s h  s u r v e y s  i n  1982 .  F o r  d e t a i l s  o f  summer c o l l e c t i o n s  s e e  A p p en d ix
1 .  The d i s t r i b u t i o n  o f  a l l  s a m p l in g  s t a t i o n s  can  be  found  i n  F i g u r e
2 .
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F i g u r e  2 .  Sampl ing  l o c a l i t i e s  u s e d  in  t h i s  s t u d y .  Numbers c o r r e s p o n d  
w i t h  NMFS w i n t e r - s p r i n g  g r o u n d f i s h  s u r v e y  s t a t i o n s .
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C. S t a t i s t i c a l  P r o c e d u r e s
The l i k e l i h o o d - r a t i o  s t a t i s t i c  (G t e s t ) ,  ( S o k a l  and R o h l f ,  1 9 8 1 ) ,  
was u s e d  t o  t e s t  t h e  e q u a l i t y  o f  a l l e l e  f r e q u e n c i e s  b e tw ee n  p r o p o s e d  
s t o c k s  and d e p a r t u r e s  f rom H a rd y -W e in b e rg  p r o p o r t i o n s .  T h i s  t e s t  was 
u s e d  i n s t e a d  o f  t h e  t r a d i t i o n a l  c h i - s q u a r e  g o o d n e s s  o f  f i t  t e s t  
b e c a u s e  t h e  l a t t e r  i s  b a s e d  on a c o n t i n u o u s  f r e q u e n c y  d i s t r i b u t i o n  
w h i l e  t h e  l i k e l i h o o d - r a t i o  s t a t i s t i c  i s  b a s e d  on a d i s c r e t e  
p r o b a b i l i t y  d i s t r i b u t i o n .  A second  a d v a n t a g e  o f  t h e  G - t e s t  i s  i t s  u s e
in  ANOVA-like g o o d n e s s  o f  f i t  t e s t s .  A c h i - s q u a r e  can  be p e r f o r m e d  in  
s u c h  a c a s e ,  b u t  n o t  b e i n g  c o m p l e t e l y  a d d i t i v e  would  o n l y  be 
a p p r o x i m a t e l y  c o r r e c t .  F i n a l l y ,  t h e  G - t e s t  i s  c o m p u t a t i o n a l l y  
s i m p l e r ,  p a r t i c u l a r l y  i n  more c o m p l i c a t e d  d e s i g n s  ( S o k a l  and R o h l f ,  
1 9 8 1 ) .  The G - t e s t  was a l s o  u s e d  t o  t e s t  f o r  s i g n i f i c a n t  h e t e r o g e n e i t y  
b e t w e e n  a g e  c l a s s e s  ( t o  d e t e c t  an y  o n t o g e n e t i c  c h a n g e s  i n  a l l e l e  
e x p r e s s i o n )  and  t o  t e s t  h e t e r o g e n e i t y  w i t h i n  g e o g r a p h i c  s t o c k s  ( t o  
d e t e r m i n e  i f  p o o l i n g  was v a l i d  and i f  d i f f e r e n c e s  b e tw e e n  y e a r s  were  
p r e s e n t ) .
A v e ra g e  h e t e r o z y g o s i t y  was e s t i m a t e d  a c c o r d i n g  t o  Nei  and 
R oychoudbury  ( 1 9 7 4 ) .  A ve rage  h e t e r o z y g o s i t y  i s  a w i d e l y  u s e d  m e a su re  
o f  t o t a l  g e n e t i c  v a r i a t i o n  found  w i t h i n  a p o p u l a t i o n  o r  s p e c i e s .  
G e n e r a l l y ,  t h e  more v a r i a t i o n  t h a t  e x i s t s ,  t h e  g r e a t e r  t h e  p r o b a b i l i t y  
w i l l  be  o f  f i n d i n g  s y s t e m s  t h a t  d i s c r i m i n a t e  b e tw e e n  t h e  s u b g r o u p s  
u n d e r  c o n s i d e r a t i o n .  The h e t e r o z y g o s i t y  a t  a  p a r t i c u l a r  l o c u s  i s :
h  =  1  -  E p .  21
17
w here  i s  t h e  f r e q u e n c y  o f  t h e  i t 1^ a l l e l e  a t  t h a t  l o c u s .  The 
a v e r a g e  h e t e r o z y g o s i t y  f o r  t h e  p o p u l a t i o n  i s  d e f i n e d  as  t h e  mean o f  h  
o v e r  a l l  s t r u c t u r a l  l o c i  i n  t h e  genome and  i s  e s t i m a t e d  a c c o r d i n g  t o :
H Z  - iLi
w h e re  L i s  t h e  number  o f  l o c i  e x a m in e d .  The s a m p l in g  v a r i a n c e  o f  H 
i s :
7 ( h  -  H) 2
<h) lXL-11
G e n e t i c  s i m i l a r i t y  ( S ) ,  Rogers  (197 2 ) ,  i s  a common 
c o e f f i c i e n t  u s e d  t o  q u a n t i f y  r e l a t i o n s h i p s  be tw een  p o p u l a t i o n s  ( G r a n t  
and U t t e r ,  1980;  G ra n t  e t . a l .  1 9 8 0 ) .  T h i s  c o e f f i c i e n t  a v e r a g e s  t h e  
f r e q u e n c i e s  o f  a l l  a l l e l e s  s h a r e d  by ea c h  sample  p a i r  and i s  d e f i n e d  
a s :
1 ^ 1  2 ^  
s  = i  -  i  z l k  z i p . .  -  p . .  r i
L i= 1 2 i j x  l j y
w here  p . .  and  p . .  a r e  t h e  f r e q u e n c i e s  o f  t h e  a l l e l e  a t  t h e  i t h* i j x  i j x  J
l o c u s  i n  p o p u l a t i o n  x and y r e s p e c t i v e l y ,  A i s  t h e  number o f  a l l e l e s  
a t  t h e  i t h  l o c u s ,  and L i s  t h e  number  o f  l o c i .  T o t a l  d i s s i m i l a r i t y  i s  
e q u a l  t o  0 w h i l e  i d e n t i t y  i s  e q u a l  t o  1 .  The u n w e i g h t e d - p a i r - g r o u p  
w i t h  a r i t h m e t i c  a v e r a g e s  t e c h n i q u e  o f  c l u s t e r  a n a l y s i s  (UPGMA; S n e a t h  
and  S o k a l ,  1973) was u s e d  t o  c o n s t r u c t  dendograms f rom m a t r i c e s  o f  
s i m i l a r i t y  c o e f f i c i e n t s .
RESULTS
A. G e n e t i c  I n t e r p r e t a t i o n  o f  Banding  P a t t e r n s
Because  o f  t h e  p o s s i b i l i t y  t h a t  t h e  b i o c h e m i c a l  v a r i a t i o n  
o b s e r v e d  on s t a r c h  g e l s  i s  n o t  a d i r e c t  r e f l e c t i o n  o f  g e n e t i c  
v a r i a t i o n  s t r i n g e n t  r e s t r i c t i o n s  w ere  p l a c e d  on a s s i g n i n g  a g e n e t i c  
b a s i s  t o  b a n d i n g  p a t t e r n s .  C auses  o f  s u c h  n o n - M e n d e l i a n  v a r i a t i o n  
i n c l u d e :  1) c h a n g e s  b r o u g h t  a b o u t  by s t o r a g e  c o n d i t i o n s  ( F a i r b a m  and 
R o f f ,  1980;  H a r r i s ,  1 9 7 5 ) ,  2) o n t o g e n e t i c  ch an g e s  in  a l l e l e  e x p r e s s i o n  
(D e L ig n e y ,  1969;  S h a k l e e  e t . a l .  1 9 7 4 ) ,  3 )  e n v i r o n m e n t a l  m o d i f i c a t i o n  
o f  gene  e x p r e s s i o n  c a u s e d  by  f a c t o r s  s u c h  a s  t e m p e r a t u r e  o r  d i s e a s e  
(Amend and S m i t h ,  1974;  B ooke , 1 9 6 4 ) ,  and  4) ch a n g e s  r e s u l t i n g  from 
e x t r a c t i o n  o r  s t a i n i n g  p r o c e d u r e s .
Most a u t h o r s  a g r e e  t h a t  t h e  s t r o n g e s t  c r i t e r i a  t o  t e s t  f o r  
M e n d e l i a n  v a r i a t i o n  a r e  b r e e d i n g  s t u d i e s ,  i n  w hich  o b s e r v e d  p h e n o t y p i c  
r a t i o s  o f  p r o g e n y  a g r e e  w i t h  t h o s e  e x p e c t e d  a c c o r d i n g  t o  M e n d e l ' s  
p r i n c i p l e s  o f  s e g r e g a t i o n  and  i n d e p e n d e n t  a s s o r t m e n t .  Because  o f  t h e  
d i f f i c u l t y  in  r e a r i n g  and b r e e d i n g  many c o m m e r c i a l l y  i m p o r t a n t  m a r i n e  
f i s h e s  i n  c a p t i v i t y ,  a  number o f  o t h e r  c r i t e r i a  a r e  u s e d  t o  t e s t  t h e  
g e n e t i c  b a s i s  o f  b i o c h e m i c a l  p h e n o t y p e s .  The f i r s t  o f  t h e s e  i s  
p h e n o t y p i c  s i m i l a r i t i e s  w i t h  c l o s e l y  r e l a t e d  s p e c i e s  f o r  which  
b r e e d i n g  d a t a  h a v e  b e e n  o b t a i n e d .  When su c h  a g re e m e n t  i s  o b s e r v e d ,  a 
g e n e t i c  b a s i s  i s  assumed ( U t t e r  e t .  a l .  1 9 7 4 ) .  M e n d e l i a n  i n h e r i t a n c e
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o f  P G I - 1 , P G I - 2 ,  PGM-1, and MDH-2 p h e n o t y p e s  s i m i l a r  t o  t h o s e  o b s e r v e d  
i n  t h i s  s t u d y  have  b e e n  d e m o n s t r a t e d  i n  t h e  p l a i c e ,  P l e u r o n e c t e s  
p l a t e s s a . by  Purdom e t . a l .  (19 7 6 )  and Ward and Beardmore ( 1 9 7 7 ) .
A s e c o n d  i m p o r t a n t  t e s t  o f  p r o p o s e d  g e n e t i c  m o d e l s  i s  a g r e e m e n t  
o f  o b s e r v e d  h e t e r o z y g o t e  p h e n o t y p e s  w i t h  t h o s e  e x p e c t e d  a c c o r d i n g  t o  
t h e  q u a t e r n a r y  s t r u c t u r e  o f  t h e  p r o t e i n  m o l e c u l e .  The q u a t e r n a r y  
s t r u c t u r e  o f  a p r o t e i n  r e f e r s  t o  t h e  number  o f  p o l y p e p t i d e  c h a i n s  
( s u b u n i t s )  found  in  t h e  a c t i v e  p r o t e i n ;  a monomer p o s s e s s i n g  one 
s u b u n i t ;  a d i m e r ,  two s u b u n i t s ;  and  a t e t r a m e r ,  f o u r  s u b u n i t s  ( s e e  
Shaw, 1964 ,  f o r  a d e t a i l e d  d e s c r i p t i o n  o f  r e l a t i o n s h i p s  b e tw e e n  
s u b u n i t  s t r u c t u r e s  and h e t e r o z y g o u s  p h e n o t y p e s ) .  H e t e r o z y g o t e s  o f  
m o n o m e r ic ,  d i m e r i c ,  and t e t r a m e r i c  p r o t e i n s  h a v e  b e e n  shown t o  c a u s e  
tw o ,  t h r e e ,  and  f i v e - b a n d e d  p h e n o t y p e s  r e s p e c t i v e l y  ( A l l e n d o r f  and  
U t t e r ,  1 9 7 9 ) .  I n  F i g u r e  3 a l l  o f  t h e  enzymes t h a t  a r e  d i m e r i c  show 
t h e  p r e d i c t a b l e  t h r e e  b an d ed  p h e n o t y p e  i n  t h e  h e t e r o z y g o t e  
(ADH: B , D , E , F , G ;  MDH:B; P G I : B , D , E , F ) . The monomer PGM shows t h e  two 
b a n d e d  h e t e r o z y g o t e  (B ,D ,E )  a s  p r e d i c t e d .  C o m p l i c a t i o n s  i n  
i n t e r p r e t i n g  t h e s e  b a n d i n g  p a t t e r n s  ( s e c o n d a r y  i s o z y m e s ,  m u l t i l o c u s  
s y s t e m s )  a s  w e l l  a s  enzymes n o t  i n c l u d e d  i n  t h i s  s t u d y  b e c a u s e  o f  
f a i l u r e  t o  mee t  t h i s  r e q u i r e m e n t  w i l l  be  d i s c u s s e d  in  t h e  n e x t  
s e c t  i o n .
A t h i r d  c r i t e r i o n  i s  p a r a l l e l  e x p r e s s i o n  o f  p r o t e i n  v a r i a t i o n  i n  
d i f f e r e n t  t i s s u e s  o f  t h e  o r g a n i s m .  T h i s  phenomenon was o b s e r v e d  w i t h  
P G I -2  and PGM-1 f o r  m u s c l e  and  l i v e r  t i s s u e .  A l l e n d o r f  and  U t t e r
F i g u r e  3 .  P a t t e r n s  o f  b i o c h e m i c a l  g e n e t i c  v a r i a t i o n  o b s e r v e d  in  
summer f l o u n d e r .  G e no types  a r e  a s  f o l l o w s :  P G I - 1 : A
( 1 0 0 / 1 0 0 ) ,  B ( 1 0 0 / 1 1 8 ) ,  C ( 1 1 8 / 1 1 8 ) ,  D ( 1 0 0 / 9 2 ) ;  P G I -2 :  
( 1 0 0 / 1 0 5 ) ,  F ( 1 0 0 / 9 5 ) ;  MDH-2: A ( 1 0 0 / 1 0 0 ) ,  B ( 1 0 0 / 1 0 5 ) ,  
( 1 0 5 / 1 0 5 ) ;  ADH: A ( 1 0 0 / 1 0 0 ) ,  B ( 1 0 0 / 1 0 8 ) ,  C ( 1 0 8 / 1 0 8 ) ,  D 
( 1 0 0 / 1 1 3 ) ,  E ( 1 0 8 / 1 1 3 ) ,  F ( 1 0 0 / 9 3 ) ,  G ( 1 0 8 / 9 3 ) ,  H ( 9 3 / 9 3 )  
PGM-1: A ( 1 0 0 / 1 0 0 ) ,  B ( 1 0 0 / 9 2 ) ,  C ( 9 2 / 9 2 ) ,  D ( 1 0 0 / 1 0 8 ) .
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(1 9 7 9 )  p o i n t  o u t  t h a t  a w e a k n e s s  o f  t h i s  t e s t  i f  u s e d  a l o n e  i s  t h a t  
when t h e  v a r i a n t  i s  e x p r e s s e d  in  o n l y  a s i n g l e  t i s s u e ,  i t  i s  n o t  
p o s i t i v e  e v i d e n c e  f o r  n o n - g e n e t i c  e x p r e s s i o n  b e c a u s e  o f  t h e  
p o s s i b i l i t y  o f  t h e  e x p r e s s i o n  o f  s p e c i f i c  g enes  in  s i n g l e  t i s s u e s .
A n o t h e r  w i d e l y  u s e d  t e s t  o f  g e n e t i c  m ode ls  o f  isozyme v a r i a b i l i t y  
i s  t h e  H ard y -W ein b e rg  e q u i l i b r i u m  ( W a l l a c e ,  1 9 8 1 ) .  T h i s  s t a t e s  t h a t  
i n  a  r an d o m ly  m a t i n g  p o p u l a t i o n ,  in  t h e  a b s e n c e  o f  f o r c e s  s u c h  as  
s e l e c t i o n ,  m i g r a t i o n ,  and g e n e t i c  d r i f t  t h e  e x p e c t e d  d i s t r i b u t i o n  o f  
g e n o t y p e s  i s  d e t e r m i n e d  by  t h e  random a s s o c i a t i o n  o f  a l l e l e s .  The 
n u l l  h y p o t h e s i s  t e s t e d  i s  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  
b e t w e e n  t h e  o b s e r v e d  and  e x p e c t e d  p h e n o t y p i c  f r e q u e n c i e s  o f  
e l e c t r o p h o r e t i c a l l y  v a r i a n t  l o c i .  The e x p e c t e d  p h e n o t y p i c  
d i s t r i b u t i o n s  a r e  c a l c u l a t e d  f rom t h e  H a rdy -W einbe rg  Law a s  f o l l o w s :  
t h r e e  p h e n o t y p e s ,  A,  B, and  AB have  c o r r e s p o n d i n g  g e n o t y p e s  o f  AA, BB, 
and  AB. The c o d o m in a n t  a l l e l e s  A and B have  f r e q u e n c i e s  p and  q i n  
t h e  p o p u l a t i o n .  A c c o r d i n g  t o  t h e  H ardy -W einbe rg  Law t h e  p r o p o r t i o n s  
o f  t h e  g e n o t y p e s  i n  t h e  p o p u l a t i o n  s h o u l d  b e :
2 2 p AA : 2pq AB : q BB.
The o b s e r v e d  numbers  in  t h e  sample  a r e :
x AA + y AB + z BB = n
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(w he re  x + y + z = n ) ; t h e  e s t i m a t e s  o f  p and q a r e :
p = ( 2 x + y ) / 2 n ;  q = ( y + 2 z ) / 2n
t h e  e x p e c t e d  number o f  t h e  t h r e e  p h e n o t y p e s  b e i n g
2 2 p n A, 2pqn AB, q n B.
D a ta  i n  T a b l e  1 shows t h a t  f o r  e a c h  s a m p l in g  a r e a  t h e r e  i s  no 
s i g n i f i c a n t  d e v i a t i o n  a t  an y  l o c u s  f rom e x p e c t e d  p r o p o r t i o n s .  T h u s ,  
t h e  o b s e r v e d  isozyme p h e n o t y p e s  c o r r e s p o n d  t o  t h e  p r e d i c t e d  g e n o t y p e s  
b a s e d  on t h e  H ard y -W ein b e rg  Law. C a u t i o n  s h o u l d  be  u s e d  how ever  when 
a p p l y i n g  t h i s  law a s  t h e  s o l e  t e s t  o f  t h e  g e n e t i c  model  due t o  i t s  
t e n d e n c y  to w a rd  h i g h  (Type 2) e r r o r  u n d e r  c e r t a i n  c o n d i t i o n s  ( F a i r b a r n  
and R o f f ,  1 9 8 0 ) .
As n o t e d  a b o v e ,  o n t o g e n e t i c  c h a n g e s  in  g e n o t y p i c  e x p r e s s i o n  have  
b e e n  known t o  c o n fo u n d  i n t e r p r e t a t i o n  o f  e l e c t r o p h o r e t i c  d a t a .  To 
d e t e r m i n e  t h e  p r e s e n c e  o r  a b s e n c e  o f  t h i s  phenomenon,  t h e  h y p o t h e s i s  
o f  e q u a l i t y  o f  a l l e l e  f r e q u e n c i e s  be tw e e n  young o f  t h e  y e a r  ( y y ) , age  
o n e ,  and age  two p l u s ,  was t e s t e d  u s i n g  an RxC t e s t  o f  i n d e p e n d e n c e  (G 
s t a t i s t i c ) .  L e n g t h s  s e l e c t e d  a s  b e i n g  r e p r e s e n t a t i v e  o f  t h e s e  a g e s  
w ere  <170mm ( y y ) ,  170mm<290mm ( a g e  1 ) ,  and >290mm (a g e  2+) ( S m i th  e t .  
a l .  1 9 8 1 ) .  No s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e s e  age  c l a s s e s  w ere  
fo u n d  •
T a b l e  1 .  O b se rv e d  and  e x p e c t e d  p h e n o t y p i c  d i s t r i b u t i o n s  a c c o r d i n g  
H a rd y -W ein b e rg  e q u i l i b r i u m .

T a b l e  2 .  Enzymes and  t i s s u e s  a n a l y z e d  and b u f f e r  s y s t e m s  u s e d  in  
s t u d y  o f  summer f l o u n d e r .  A b b r e v i a t i o n s  a r e  a s  f o l l o w s  
E = eye ,  L = l i v e r ,  SM=white s k e l e t a l  m u s c l e ;  M=monomorphic 
P = p o l y m o r p h i c , U = unde te rm ined
Enzyme ( E . C .  Number)
B e s t  A c t i v i t y  
and
Loci Resolution-
Adequate  
R e s o l u t i o n  f o r  
P o p u l a t  i o n  
V a r i a t  i o n ________ S tud y_____ B u f f e r
Alcohol dehydrogenase 
( 1 . 1 . 1 . 1 )
ADH TCLB
G l u c o s e - 6 - p h o s p h a t e  
d e h y d r o g e n a s e  ( 1 . 1 . 1 . 4 9 )
G-6-PD CA
^ - G l y c e r o p h o s p h a t e  
d e h y d r o g e n a s e  ( 1 . 1 . 1 . 8 )
GPD SM, L CA,TBE
I s o c i t r a t e
d e h y d r o g e n a s e  ( 1 . 1 . 1 . 4 2 )
IDH CA
L a c t a t e  d e h y d r o g e n a s e  
( 1 . 1 . 1 . 2 7 )
LDH-1
LDH-2
LDH-3
LDH-4
SM, E 
E 
E 
E
M
M
M
M
TCLB
TCLB
TCLB
TCLB
M a l a t e  d e h y d r o g e n a s e  MDH-1 SM,L
( 1 . 1 . 1 . 3 7 )  MDH-2 SM
CA
CA
M a l i c  enzyme  
( 1 . 1 . 1 . 4 0 )
ME SM M CA
P h o s p h o g l u c o m u t a s e  
( 2 . 7 . 5 . 1 )
PGM-1 
PGM-2
SM, L 
L
TCLB
TCLB
6 - P h o s p h o g l u c o n a t e  
d e h y d r o g e n a s e  ( 1 . 1 . 1 . 4 4 )
6-PDH SM M CA
P h o s p h o g l u c o -  PGI-1 SM
i s o m e r a s e  ( 5 . 3 . 1 . 9 )  PGI-2 SM,L
TCLB
TCLB
S u p e r o x i d e  d i s m u t a s e
( 1 . 1 5 . 1 . 1 )
SOD TCLB
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O t h e r  c r i t e r i a  u s e d  t o  t e s t  t h e  g e n e t i c  b a s i s  o f  v a r i a t i o n  w ere  
t h e  a b s e n c e  o f  u n u s u a l  p h e n o t y p e s  n o t  e x p l a i n a b l e  a c c o r d i n g  t o  t h e  
p r o p o s e d  g e n e t i c  mode l  and s t a b i l i t y  o f  t h e  b a n d i n g  p a t t e r n s  d u r i n g  
t h e  p e r i o d  o f  s t o r a g e .  T hese  c r i t e r i a  a l s o  w ere  n o t  v i o l a t e d  by t h e  
f i v e  p o l y m o r p h i c  l o c i  d e p i c t e d  i n  F i g u r e  3 .
B. Enzyme V a r i a t i o n
Enzymes s c r e e n e d  f o r  g e n e t i c  v a r i a b i l i t y ,  b u f f e r  s y s t e m s  u s e d ,  
and t i s s u e s  a n a l y z e d  a r e  l i s t e d  i n  T a b l e  2 .  A l l  isozym es  m i g r a t e d  in  
an a n o d a l  d i r e c t i o n .  Enzymes n o t  marked w i t h  an a s t e r i s k  c o u l d  n o t  be 
i n c l u d e d  i n  t h e  s t a t i s t i c a l  a n a l y s i s  b e c a u s e  o f  f a i l u r e  t o  meet  t h e  
c r i t e r i a  d i s c u s s e d  a b o v e .  Monomorphic l o c i  w ere  v e r i f i e d  by  e x a m in in g  
a p p r o x i m a t e l y  40 f i s h  p e r  p o p u l a t i o n .  A l l  enzymes s t u d i e d  e x c e p t  f o r  
SOD and ADH a r e  g l u c o s e  m e t a b o l i z i n g  enzym es ,  c a t a l y z i n g  s t e p s  i n  t h e  
g l y c o l y t i c  p a t h w a y ,  t h e  TCA c y c l e  and r e l a t e d  r e a c t i o n s .
A l c o h o l  d e h y d r o g e n a s e :  A s i n g l e  l o c u s  c o n t r o l l e d  by f o u r  a l l e l e s  
was o b s e r v e d  i n  l i v e r  e x t r a c t s  ( F i g u r e  3 ) .  The t h r e e  banded  
h e t e r o z y g o t e s  s u g g e s t  a  d i m e r i c  m o l e c u l e  a s  has  b e e n  r e p o r t e d  i n  o t h e r  
t e l e o s t s  ( B u t h ,  1977;  Ward and  B eardm ore ,  1977 ,  W isha rd  e t . a l .  1 9 8 0 ) .  
Bands t h a t  r e f l e c t  two l i k e  p o l y p e p t i d e  c h a i n s  a r e  h om od im ers ,  w h i l e  
b an d s  t h a t  r e f l e c t  two u n l i k e  p o l y p e p t i d e  c h a i n s  a r e  h e t e r o d i m e r s .
S i n c e  p o l y p e p t i d e  c h a i n s  combine a t  random in  t h e  c y t o p l a s m  t o  fo rm  
t h e  a c t i v e  enzym e,  t h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e  bands  homodimer : 
h e t e r o d i m e r  : a l t e r n a t e  homodimer  i s  1 : 2 : 1  i n  a h e t e r o z y g o u s  
i n d i v i d u a l .  The s t a i n i n g  i n t e n s i t i e s  on g e l s  s t a i n e d  f o r  ADH
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a p p r o x i m a t e d  t h i s  r a t i o .  As in  Ward and B e a r d m o r e ' s  s t u d y  o f  p l a i c e ,  
t h e  h o m o z y g o te s  100 /100  and 108 /108  s t a i n e d  s t r o n g l y  and e x h i b i t e d  
w e a k ,  f a s t  s u b b a n d s .
G l y c e r o p h o s p h a t e  D e h y d r o g e n a s e :  AGP, r e f e r r e d  t o  a s  g l y c e r o l - 3 -  
p h o s p h a t e  i n  some s t u d i e s ,  c o u l d  n o t  be i n c l u d e d  in  t h e  p o p u l a t i o n  
a n a l y s i s  b e c a u s e  o f  i n c o n s i s t e n t  r e s o l u t i o n .  A l t h o u g h  one o f  t h e  more 
v a r i a b l e  g l y c o l y t i c  enzymes ( U t t e r  e t . a l .  1974) r e s o l u t i o n  
d i f f i c u l t i e s  in  p l e u r o n e c t i f o r m  f i s h  a r e  w e l l  d o c u m e n te d .  M acCafe rdy  
(1 9 8 3 )  was u n a b l e  t o  t y p e  a l l  i n d i v i d u a l s  f o r  AGP i n  y e l l o w - t a i l  
f l o u n d e r ,  t h e  l a c k  o f  r e s o l u t i o n  b e i n g  i n d e p e n d e n t  o f  s i z e  and 
l o c a t i o n .  Purdom e t . a l .  (1976 )  r e p o r t e d  weak AGP r e a c t i o n s  i n  much 
o f  t h e i r  f r o z e n  p l a i c e  t i s s u e ,  w h i l e  J o h n s o n  and  B e a r d s l y  (19 7 5 )  
r e p o r t e d  s i m i l a r  d i f f i c u l t i e s .  When r e s o l u t i o n  d i d  o c c u r  in  t h i s  
s t u d y ,  u s i n g  t h e  TBE b u f f e r  s y s t e m ,  w h i t e  s k e l e t a l  m u s c l e  h o m o g e n a te s  
a p p e a r e d  t o  show t h r e e  a r e a s  o f  a c t i v i t y  ( p o s s i b l y  c o r r e s p o n d i n g  t o  
t h e  r e p o r t e d  t h r e e  l o c i  commonly found  i n  t e l e o s t s ,  C l a y t o n  e t . a l .  
1 9 7 3 ) .  L i v e r  t i s s u e s  a p p e a r e d  t o  show a s i n g l e  v a r i a b l e  l o c u s ,  b u t  
h e t e r o z y g o t e s  had  two bands  r a t h e r  t h a n  t h e  t h r e e  ban d ed  p h e n o t y p e s  
p r e d i c t e d  on t h e  b a s i s  o f  i t s  known d i m e r i c  s t r u c t u r e .  SOD a c t i v i t y  
i n  t h e  c e n t e r  o f  t h e  b a n d i n g  p a t t e r n s  f u r t h e r  c o m p l i c a t e d  t h e  
i n t e r p r e t a t i o n  o f  l i v e r  e x t r a c t s .
I s o c i t r a t e  D e h y d r o g e n a s e :  IDH i s  a n o t h e r  enzyme w hich  c o u l d  n o t  
be  i n c l u d e d  i n  t h e  p o p u l a t i o n  a n a l y s i s  b e c a u s e  o f  u n e x p l a i n e d  d o u b l e  
b a n d e d  p h e n o t y p e s  w h ich  a r e  i n c o n s i s t e n t  w i t h  i t s  known d i m e r i c  
s t r u c t u r e  ( G r a n t  e t . a l .  1982a;  Ward and B e a rd m o re ,  1 9 7 7 ) .  M acC afe rdy  
( 1 9 8 3 )  d i d  n o t  i n c l u d e  IDH in  h i s  s t u d y  f o r  t h e  same r e a s o n .  I n  t h i s  
s t u d y ,  c l e a r ,  c o n s i s t e n t  r e s o l u t i o n  was o b t a i n e d  and t h r e e  b an d ed
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h e t e r o z y g o t e s  w ere  o b s e r v e d  a t  a s i n g l e  l o c u s  from l i v e r  e x t r a c t s  
u s i n g  t h e  CA b u f f e r  s y s t e m .  The u n e x p l a i n a b l e  s lo w  m i g r a t i n g  v a r i a n t  
bands  o f t e n  s t a i n e d  s t r o n g l y ,  w ere  o b s e r v e d  in  r o u g h l y  10% o f  
i n d i v i d u a l s  e x a m in e d ,  and w e re  i n d e p e n d e n t  o f  age  and l o c a t i o n .
L a c t a t e  D e h y d r o g e n a s e :  A s i n g l e  s low  m i g r a t i n g  monomorphic l o c u s  
was found  i n  w h i t e  s k e l e t a l  m u s c l e  i n  a g r e e m e n t  w i t h  M arke t  and 
F a u l h a b e r  ( 1 9 6 5 ) .  Eye e x t r a c t s  showed f o u r  a r e a s  o f  s t a i n i n g  a c t i v i t y  
w h ich  a r e  i n t e r p r e t e d  a s  r e p r e s e n t i n g  f o u r  l o c i  a s  d e s c r i b e d  in  o t h e r  
p l e u r o n e c t i f o r m  s t u d i e s  ( M a c C a fe rd y ,  1983;  Ward and B e a rd m o re ,  1 9 7 7 ) .  
The s l o w e s t  m o b i l i t y  eye  band  i s  p r e s u m a b l y  t h e  B isozyme d e s c r i b e d  in  
M arke t  and  H o lm e s '  (19 6 9 )  s t u d y  on f l u k e .  The h e a v y  s t a i n i n g  A band 
p r e s e n t  i n  w h i t e  s k e l e t a l  m u s c l e  and eye  h a s  t h e  n e x t  f a s t e s t  
m o b i l i t y .  The t h i r d  and  f o u r t h  b a n d s  had  f a s t e r  m o b i l i t y  and  s t a i n e d  
l e s s  i n t e n s e l y .  Weak i n t e r l o c u s  b a n d s  w ere  o b s e r v e d ,  p a r t i c u l a r l y  
b e tw e e n  t h e  t h i r d  and  f o u r t h  l o c i .  T h ese  were  i n t e r p r e t e d  a s  b e i n g  
a s y m m e t r i c a l  h e t e r o t e t r a m e r s  formed b e tw e e n  t h e  p r o d u c t s  o f  d i f f e r e n t  
l o c i  r a t h e r  t h a n  i sozym es  o f  a  s i n g l e  l o c u s ;  s i n c e  t h e  r e p o r t e d  
t e t r a m e r i c  m o l e c u l a r  s t r u c t u r e  ( J o h n s o n ,  1977;  Ward and  B ea rd m o re ,  
1977) would  p r o d u c e  a f i v e  b anded  p h e n o t y p e  i f  m u l t i p l e  a l l e l i s m  a t  a 
s i n g l e  l o c u s  w ere  o c c u r r i n g .
M a l a t e  D e h y d r o g e n a s e :  MDH commonly e x i s t s  i n  two f o r m s :  
m i t o c h o n d r i a l  MDH, u s u a l l y  found  in  m i t o c h o n d r i a  and  s u p e r n a t e n t  MDH, 
found  w i t h i n  t h e  g e n e r a l  c e l l  c y t o p l a s m  ( C l a y t o n  e t .  a l .  1 9 7 1 ) .  
P l e u r o n e c t i f o r m  s t u d i e s  h a v e  c o n s i s t e n t l y  found  two l o c i  c o d i n g  f o r  
s u p e r n a t a n t  MDH i n  m u s c l e  w i t h  an  i n t e r l o c u s  h e t e r o d i m e r  b e tw e e n  t h e  
homodimers  o f  t h e  d i f f e r e n t  l o c i  g i v i n g  a t h r e e  b anded  common 
p h e n o t y p e ,  m i t o c h o n d r i a l  MDH n o t  b e i n g  o b s e r v e d  ( F a i r b a m ,  1981a ;
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G r a n t  e t . a l .  1982a ;  G ra n t  e t . a l .  1982b; Purdom e t . a l .  1977 ; Ward 
and B ea rd m o re ;  1 9 7 7 ) .  I n  a g r e e m e n t  w i t h  t h e s e  a u t h o r s ,  I  a l s o  found 
t h r e e  b an d s  f o r  MDH i n  homozygous i n d i v i d u a l s  w i t h  v a r i a t i o n  o c c u r r i n g  
a t  t h e  more a n o d a l  l o c u s  ( F i g u r e  3 ) .  S l o t  B in  F i g u r e  3 shows t h e  
t h r e e  b an d ed  p a t t e r n  a t  t h e  MDH-2 lo c u s  f o r  a h e t e r o z y g o u s  i n d i v i d u a l  
( 1 0 0 / 1 0 5 )  a s  would  be e x p e c t e d  f o r  t h i s  d i m e r i c  m o l e c u l e .  The 
p h e n o t y p e  f o r  an i n d i v i d u a l  homozygous f o r  a l l e l e  105 a t  t h e  MDH-2 
l o c u s  i s  shown in  s l o t  C,  F i g u r e  3 .  N o t i c e  t h e  a b s e n c e  o f  t h e  
i n t e r l o c u s  h e t e r o d i m e r  ( s e c o n d  band f rom a t h o d a l  e n d )  d e s c r i b e d  
p r e v i o u s l y ,  due t o  t h e  a b s e n c e  o f  a l l e l e  MDH-2 100 .  The c e n t r a l  band 
i n  t h i s  p h e n o t y p e  i s  a  h e t e r o d i m e r  r e s u l t i n g  f rom c o m b i n a t i o n  o f  
p o l y p e p t i d e  c h a i n s  f rom MDH-2 105 and MDH-1.
M a l i c  Enzyme: A s i n g l e  band was o b s e r v e d  i n  s k e l e t a l  m u s c l e  u s i n g  
t h e  CA b u f f e r  s y s t e m  r e p r e s e n t i n g  a monomorphic l o c u s .
P h o s p h o g l u c o m u t a s e : The two banded  h e t e r o z y g o t e  p h e n o t y p e s  
o b s e r v e d  i n  w h i t e  s k e l e t a l  m u s c l e  and l i v e r  e x t r a c t s  i n d i c a t e  a 
monom er ic  s t r u c t u r e  f o r  t h i s  enzyme a s  h a s  been  r e p o r t e d  i n  o t h e r  
f l a t f i s h  ( F a i r b a r n ,  1981a ;  F a i r b a m ,  1981b;  J o h n s o n  and  B e a r d s l y ,
197 5;  M a cC afe rd y ,  1983;  Ward and  B eardm ore ,  1 9 7 7 ) .  A s e c o n d  
monomorphic  l o c u s  o f  f a s t  m o b i l i t y  was o b s e r v e d  in  l i v e r  e x t r a c t s .  As 
n o t e d  i n  t h e  above  s t u d i e s ,  many o f  t h e  enzyme s y s t e m s  a n a l y z e d ,  and 
p a r t i c u l a r l y  PGM ( F i s h e r  and H a r r i s ,  1 9 7 2 ) ,  have  f a i n t  s u b b a n d s  o r  
s a t e l l i t e  bands  t e rm e d  s e c o n d a r y  i s o z y m e s .  T h ese  s u b b a n d s  a r e  t h e  
r e s u l t  o f  s e c o n d a r y  m o d i f i c a t i o n  o f  p r o t e i n  s t r u c t u r e s  s u b s e q u e n t  t o  
t h e  p r i m a r y  s y n t h e s i s  o f  t h e i r  p o l y p e p t i d e  c h a i n s  on t h e  mRNA t e m p l a t e  
on t h e  r i b o s o m e s  ( H a r r i s ,  1 9 7 5 ) .  S e c o n d a ry  i sozym es  w ere  e a s i l y  
d i s t i n g u i s h e d  f rom a l l e l i c  v a r i a n t s ,  t h e y  were  c o n s i s t e n t l y  p r e s e n t  i n
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a l l  i n d i v i d u a l s ,  and  t h e y  a r e  commonly r e p o r t e d  in  t h e  p l e u r o n e c t i f o r m  
s t u d i e s  c i t e d  i n  t h i s  s e c t i o n .
6 - P h o s p h o g l u c o n a t e  D e h y d r o g e n a s e :  A s i n g l e  band e x h i b i t i n g  no 
v a r i a t i o n  was found  i n  s k e l e t a l  m u s c l e .
P h o s p h o g l u c o s e  I s o m e r a s e :  The o b s e r v e d  two l o c i  w i t h  an  
i n t e r l o c u s  h y b r i d  zone i s  in  a g r e e m e n t  w i t h  what  h a s  commonly been  
fo u n d  i n  t e l e o s t s  ( A v i s e  and K i t t o ,  1973) and p l e u r o n e c t i f o r m  f i s h  
( D a n d o , 1974;  F a i r b a r n ,  1981a ;  G ra n t  e t . a l .  1982b; Purdom e t . a l .  
1 9 7 6 ) .  Dando (1974 )  found sub b an d s  a t  t h e  PGI-1  l o c u s  i n  p l a i c e  
s i m i l a r  t o  ones  o b s e r v e d  in  F i g u r e  3 ,  s l o t s  A -F ,  w i t h  t h e  
h e t e r o z y g o t e s  f o r  a l l e l e s  118 and 92 showing f i v e  b anded  p h e n o t y p e s  a t  
t h e  PGI-1  l o c u s ,  t h e  f o r m e r  a l l e l e  c a u s i n g  i n t e n s e  s t a i n i n g  a t  t h e  
s e c o n d  and  t h i r d  bands  f rom t h e  c a t h o d a l  e n d .  These  h e t e r o z y g o t e  
p a t t e r n s  a s  w e l l  a s  a d o u b l e  banded  i n t e r l o c u s  h y b r i d  zone i n  v a r i a n t  
i n d i v i d u a l s  a r e  i d e n t i c a l  t o  D a n d o ' s  o b s e r v a t i o n s  and a l l o w  e a s y  
i d e n t i f i c a t i o n  o f  h e t e r o z y g o u s  i n d i v i d u a l s .  Low f r e q u e n c y  v a r i a n t s  
w e re  o b s e r v e d  a t  t h e  P G I-2  l o c u s .  W hi te  s k e l e t a l  m u s c l e  and  b r a i n  
t i s s u e  e x h i b i t e d  m o d e r a t e  s t a i n i n g  a t  b o t h  l o c i  w h i l e  h e a r t  t i s s u e  
s t a i n e d  h e a v i l y  a t  t h e  PGI-1 l o c u s  and l i v e r  s t a i n e d  p r e d o m i n a n t l y  a t  
t h e  P G I -2  l o c u s .  T h i s  enzyme i s  a l s o  r e f e r r e d  t o  a s  g l u c o s e  p h o s p h a t e  
i s o m e r a s e  and p h o s p h o h e x o s e  i s o m e r a s e .
S u p e r o x i d e  D i s m u t a s e :  f o r m e r l y  known a s  t e t r a z o l i u m  o x i d a s e ,  t h i s  
enzyme w h ich  a p p e a r s  a s  a  w h i t e  a r e a  on a b l u i s h  b a c k g r o u n d  when u s i n g  
a  t e r a z o l i u m  b a s e d  s t a i n  was monomorphhic i n  t h e  l i v e r  t i s s u e
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e x a m i n e d .  The a c h r o m a t i c  r e g i o n s  a r e  a p p a r e n t l y  t h e  r e s u l t  o f  a 
p r o t e i n  o r  p r o t e i n s  w i t h  c a t a l y t i c  p r o p e r t i e s  t h a t  c a u s e  i t  t o  o x i d i z e  
t e t r a z o l i u m  dyes  i n  t h e  p r e s e n c e  o f  p h e n a z i n e  and  l i g h t  and a p p e a r s  t o  
be d e t e r m i n e d  by an  a u t o z o m a l  gene  in  man ( B r e w e r ,  1 9 6 7 ) .  T h r e e  
ban d ed  h e t e r o z y g o t e s  i n  p l a i c e  i n d i c a t e  a d i m e r i c  s t r u c t u r e  (Ward and 
B e a rd m o re ,  1 9 7 7 ) .
C.  G e o g r a p h i c  V a r i a t i o n  o f  A l l e l e  F r e q u e n c i e s
F i v e  o f  t h e  s e v e n t e e n  l o c i  a n a l y z e d  were  found  t o  be  p o l y m o r p h i c  
( P G I - 1 ,  P G I - 2 ,  PGM-1, ADH, and MDH-2), and w ere  u s e d  in  t h e  
h o m o g e n e i t y  t e s t s  f o r  f i s h  sampled  in  t h e  h y p o t h e t i c a l  p e r i o d  o f  s t o c k  
s e p a r a t i o n  (on  t h e  w i n t e r i n g  g r o u n d s ) .  F o u r t e e n  o f  t h e  l o c i  met  t h e  
c r i t e r i a  f o r  g e n e t i c  v a r i a t i o n  and  w ere  u s e d  in  g e n e t i c  d i s t a n c e  and  
h e t e r o z y g o s i t y  c a l c u l a t i o n s .  A l l e l e  f r e q u e n c i e s  f o r  t h e  f i v e  
p o l y m o r p h i c  l o c i  a r e  p r e s e n t e d  i n  T a b l e  3 .  Sample numbers 
c o r r e s p o n d i n g  t o  t h e  NMFS s t a t i o n  numbers  and l o c a t i o n s  a r e  g i v e n  i n  
A p p en d ix  2 .  G e o g r a p h i c a l l y  a d j a c e n t  s t a t i o n s  o f  t h e  same y e a r  were  
p o o l e d  so  t h a t  e a c h  w i t h i n  r e g i o n  sam ple  c o n t a i n e d  a p p r o x i m a t e l y  20 
f  i s h  o r  more  .
G e o g r a p h ic  p a r t i t i o n i n g  o f  s am p le s  i n t o  p r e s u m p t i v e  s t o c k s  was 
b a s e d  on t h e  known b i o l o g y  o f  summer f l o u n d e r .  An egg and l a r v a l  
d i s t r i b u t i o n  s t u d y  by Smith  (1973 )  found  spaw ning  g r o u p s  o f  f l o u n d e r  
s e p a r a t e d  b o t h  t e m p o r a l l y  and  g e o g r a p h i c a l l y .  F i s h  were  found  t o  
spawn o f f  Long I s l a n d  d u r i n g  m i d - S e p t e m b e r ,  and o f f  New J e r s e y  down t o
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T a b l e  3 .  A l l e l e  f r e q u e n c i e s  o f  summer f l o u n d e r  c o l l e c t e d  d u r i n g  NMFS 
w i n t e r - s p r i n g  g r o u n d f i s h  s u r v e y s ,  1982 and 1983 .
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D e law are  Bay f rom e a r l y  t o  m i d - O c t o b e r .  By mid t o  l a t e  November an  
o f f s h o r e  c o n c e n t r a t i o n  e a s t  o f  M ary lan d  and i n s h o r e  c o n c e n t r a t i o n  
a l o n g  t h e  o u t e r  banks  o f  N o r th  C a r o l i n a  w ere  o b s e r v e d .  Eggs and 
l a r v a e  w ere  c o l l e c t e d  s o u t h  o f  Cape H a t t e r a s  t h r o u g h  F e b r u a r y .
T a g g in g  s t u d i e s  by G i l l i k e n  ( i n  p r e p . )  h a v e  shown t h e  i n s h o r e  N o r t h  
C a r o l i n a  g r o u p  (INC) t o  w i n t e r  s o u t h  o f  Cape H a t t e r a s  and n o t  t o  
m i g r a t e  s o u t h  o f  Cape Lookout in  an y  a p p r e c i a b l e  n u m b e r s .  A t h i r d  
g r o u p  ( S o u t h e r n )  w i n t e r s  f rom Cape Lookout s o u t h  and c o n t r i b u t e s  t o  
t h e  summer P a m l i c o  Sound f i s h e r y  ( G i l l i k e n  in  p r e p . ) .  T a g g in g  s t u d i e s  
by  t h e  N o r th  C a r o l i n a  D i v i s i o n  o f  F i s h  and Game hav e  shown t h e  INC 
g r o u p  t o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  C h e s a p e a k e  Bay and E a s t e r n  
S h o re  o f  V i r g i n i a  summer f i s h e r i e s  w i t h  r e t u r n s  r e c o r d e d  a s  f a r  n o r t h  
a s  Long I s l a n d  and s o u t h e r n  New E n g la n d  (7% o f  r e t u r n s  i n  1 9 7 4 - 7 5 ) .
The v i r t u a l  a b s e n c e  o f  young o f  t h e  y e a r  and y e a r l i n g  f l u k e  i n  
e s t u a r i e s  n o r t h  o f  t h e  t h e  E a s t e r n  S ho re  o f  M ary lan d  have  l e d  many t o  
b e l i e v e  t h a t  f i s h e r i e s  i n  t h e  f l o u n d e r ' s  n o r t h e r n  r a n g e  a r e  b a s e d  on 
r e c r u i t s  f rom s o u t h e r n  e s t u a r i e s ,  t h e  C h e s a p e a k e  Bay b e i n g  a p r im e  
s o u r c e .  T ag g in g  s t u d i e s  h a v e  d e m o n s t r a t e d  a l a r g e  p r o p o r t i o n  o f  
r e t u r n s  o c c u r r i n g  t o  t h e  n o r t h  o f  t a g g i n g  a r e a s  (M uraw sk i ,  1970;
P o o l e ,  1962) i n d i c a t i n g  a n o r t h e r n  movement o f  f i s h  i n  l a t e r  l i f e  
s t a g e s  ( a  phenomenon n o t  uncommon i n  Mid A t l a n t i c  B ig h t  f i s h e s ) .  The 
C h e s a p e a k e  Bay t h u s  s e r v e s  a s  an  i m p o r t a n t  n u r s e r y  g round  and a r e a  o f  
p o s s i b l e  m i x in g  f o r  f i s h  l a t e r  r e c r u i t e d  i n t o  n o r t h e r n  f i s h e r i e s .  The 
d e g r e e  o f  g e n e t i c  s i m i l a r i t y  b e t w e e n  t h e s e  g r o u p s  o f  f l o u n d e r :
N o r t h e r n  (MAB), I n s h o r e  N o r th  C a r o l i n a ,  and  S o u t h e r n  was e s t i m a t e d  a s  
f o l l o w s .  The N o r t h e r n  s t o c k  i n c l u d e d  a l l  w i n t e r - s p r i n g  s a m p le s  n o r t h  
o f  Cape H a t t e r a s .  The INC g r o u p  was made up o f  s a m p le s  b e tw e e n  Cape
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H a t t e r a s  and  Cape L o o k o u t ,  w h i l e  t h e  S o u t h e r n  s t o c k  i n c l u d e d  s t a t i o n s  
from Cape Lookou t  s o u t h .  Because  o f  t h e  s m a l l  number o f  s p e c im e n s  
c o l l e c t e d  i n  t h e  INC r e g i o n  and t h e  h i g h l y  v a r i a b l e  n a t u r e  o f  t h e  
d a t a ,  a s  w e l l  a s  t h e  i n c r e a s e d  number  o f  d e g r e e s  o f  f r eed o m  ( t h u s  
i n c r e a s e d  c h a n c e  o f  t y p e  2 e r r o r )  f o r  a d i s p r o p o r t i o n a t e l y  s m a l l  
s am p le  s i z e ,  INC was n o t  t r e a t e d  a s  a s e p a r a t e  g roup  in  t h e  
c o n t i n g e n c y  t a b l e  a n a l y s i s .  R a t h e r ,  t h e  h y p o t h e s i s  t e s t e d  was t h a t  
INC a l l e l e  f r e q u e n c i e s  w ere  s t a t i s t i c a l l y  s i m i l a r  t o  MAB. T h i s  
h y p o t h e s i s  was t e s t e d  u s i n g  t h r e e  m e th o d s :  a  h o m o g e n e i ty  t e s t  o f  
i n d e p e n d e n c e ,  a g r e e m e n t  w i t h  H a rd y -W ein b e rg  p r o p o r t i o n s  and UPGMA 
c l u s t e r  a n a l y s i s .
The f i r s t  h y p o t h e s i s  t e s t e d  was t h a t  a l l e l e  f r e q u e n c i e s  w e re  
s t a t i s t i c a l l y  s i m i l a r  among s a m p le s  w i t h i n  a s t o c k  f o r  e a c h  l o c u s .  
A l t e r n a t i v e  h y p o t h e s e s  c o u l d  be t h a t  d i f f e r e n c e s  e x i s t e d  b e t w e e n  y e a r s  
o r  t h a t  e a c h  p r e s u m p t i v e  s t o c k  c o n t a i n e d  s a m p le s  f rom g e n e t i c a l l y  
d i f f e r e n t  g r o u p s  o f  f i s h .  An RxC t e s t  o f  i n d e p e n d e n c e  was u s e d  w i t h  R 
r e p r e s e n t i n g  s t a t i o n s  w i t h i n  a r e g i o n  and C t h e  a l l e l e s  a t  a l o c u s .
R a re  a l l e l e s  w ere  p o o l e d  and d e g r e e s  o f  f r e e d o m  w ere  e q u a l  t o  
( a l l e l e s - 1 ) ( s t a t i o n s - 1 ) . T a b l e  4 g i v e s  t h e  r e s u l t s  o f  t h e  i n t r a r e g i o n  
h o m o g e n e i ty  t e s t s  f o r  e a c h  l o c u s  u s i n g  t h e  G s t a t i s t i c .  No 
s i g n i f i c a n t  h e t e r o g e n e i t y  was o b s e r v e d ,  t h u s  t h e  h y p o t h e s i s  o f  
h o m o g e n e i ty  w i t h i n  s t o c k s  can  n o t  be r e j e c t e d .  I t  s h o u l d  be  n o t e d  
t h a t  w h i l e  a l l e l e  f r e q u e n c i e s  a r e  r e p r e s e n t e d  by  p e r c e n t a g e s  in  T a b l e s  
3 and  4 t h e y  a r e  i n  t h e  fo rm o f  n u m e r a t i o n  d a t a  in  t h e  c o n t i n g e n c y  
t a b l e  c a l c u l a t i o n s  and t h u s  no t r a n s f o r m a t i o n s  were  n e c e s s a r y .
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T a b l e  4 .  L i k e l i h o o d  a n a l y s i s  o f  isozyme v a r i a t i o n  o f  summer f l o u n d e r  
c o l l e c t e d  d u r i n g  w i n t e r s  o f  1982 and 1983 .
A l l e l e  F r e q u e n c i e s  f o r  PGI-1
A l l e l e __________ W i t h i n  R eg ion
100 118 91 N G d f P
MAB 0 . 8 5 5 0 .1 3 7 0 .0 0 8 190 11.16 9 > 0 .2 5 0
S o u t h e r n 0 . 9 0 6 0 .0 7 6 0 .0 1 8 112 1.71 4 >0 .750
Be tw een  R e g i o n s 6 . 4 4 2 <0 . 0 5 0 1
A l l e l e F r e q u e n c i e s  f o r  PGI-2
A l l e l e W i th in  Reg ion
100 105 95 N G d f  P
MAB 0 . 9 8 4 0 .016 _ 190 11.85 9 > 0 .1 0 0
S o u t h e r n 0 . 9 8 7 0 .0 0 4 0 .0 0 9 112 2 .8 0 4 > 0 .5 0 0
Between R e g i o n s 5.77 2 >0 .0 5 0
A l l e l e  F r e q u e n c i e s  f o r  
A l l e l e
PGM
W i t h i n  R eg io n
100 92 108 N G d f  P
MAB 0 . 9 7 2 0 .0 2 6 0 .0 0 3 191 10.45 4 > 0 .2 5 0
S o u t h e r n 0 .9 6 5 0 .027 0 .0 0 9 113 8 .98 4 >0 .0 5 0
Be tw een  R e g i o n s 1 .08 2 > 0 .2 5 0
A l l e l e  F r e q u e n c i e s f o r  ADH
A l l e l e W i t h i n  R eg io n
100 108 93 113 N G d f  P
MAB 0.441 0 . 3 5 2 0.199 0 .0 0 8 186 15.31 18 > 0 .500
S o u t h e r n 0 . 4 6 0 0 . 3 7 2 0 .1 5 5 0 . 0 1 3 113 6 .73 8 > 0 .5 0 0
Between  R e g io n s 2.17 3 >0 .5 0 0
A l l e l e  F r e q u e n c i e s  f o r  MDH-2
A l l e l e W i th in  R e g io n
100 105 N G d f  P
MAB 0 .5 2 7 0 .473 188 7 .50 9 >0 .500
S o u t h e r n 0 . 4 3 7 0 .5 6 3 111 3 .27 4 >0 .5 0 0
Between  R e g io n s 4 .5 0 1 < 0 .0 5 0
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A s e c o n d  t e s t  o f  t h e  w i t h i n  g r o u p  h o m o g e n e i t y  h y p o t h e s i s  i s  
c o m p a r i s o n  o f  o b s e r v e d  p h e n o t y p e  d i s t r i b u t i o n s  w i t h  t h o s e  e x p e c t e d  
a c c o r d i n g  t o  t h e  H ard y -W ein b e rg  l a w ,  A common c a u s e  o f  d e v i a t i o n  f rom 
H a rd y -W e in b e rg  e q u i l i b r i u m  i s  m i x t u r e  o f  b r e e d i n g  u n i t s  whose a l l e l e  
and  g e n o t y p e  f r e q u e n c i e s  d i f f e r  ( i h s s e n  e t .  a l .  1 9 8 1 ) .  I n  t h e o r y ,  
s e p a r a t e  p o p u l a t i o n s  e x h i b i t i n g  s i g n i f i c a n t l y  d i f f e r e n t  a l l e l e  
f r e q u e n c i e s ,  i f  p o o l e d ,  s h o u l d  d i s p l a y  h e t e r o z y g o t e  d e f i c i e n c i e s  ( L i ,  
1955;  S e l a n d e r ,  1 9 7 0 ) .  As was shown in  T a b l e  1 no d e p a r t u r e s  f rom 
H a rd y -W e in b e rg  e q u i l i b r i u m  w ere  o b s e r v e d .
The s e c o n d  h y p o t h e s i s  t e s t e d  was t h a t  a l l e l e  f r e q u e n c i e s  b e t w e e n  
r e g i o n s  w ere  e q u a l .  S i m i l a r  s t u d i e s  h a v e  c o n s i d e r e d  h e t e r o g e n e i t y  i n  
a l l e l e  f r e q u e n c i e s  a t  e a c h  l o c u s  as  an  i n d e p e n d e n t  e s t i m a t e  o f  
r e g i o n a l  d i f f e r e n t i a t i o n  ( C r o s s  and P a y n e ,  1978;  G ra n t  and  U t t e r ,
1980 ;  W ish a rd  e t . a l .  1 9 8 0 ) .  S i g n i f i c a n t  d i f f e r e n c e s  i n  a l l e l e  
f r e q u e n c i e s  a r e  c o n s i d e r e d  a r e f l e c t i o n  o f  g e n e t i c a l l y  d i s t i n c t  
g r o u p s .  However t h e  p r e s e n c e  o f  s i m i l a r  a l l e l e  f r e q u e n c i e s  b e t w e e n  
g e o g r a p h i c  p a r t i t i o n s  i s  n o t  p o s i t i v e  e v i d e n c e  f o r  l a c k  o f  g e n e  f l o w ,  
b e c a u s e  a n a l y s i s  o f  more l o c i  may r e v e a l  d i f f e r e n c e s .  The r e s u l t s  o f  
b e t w e e n  r e g i o n  a n a l y s i s  a l o n g  w i t h  f r e q u e n c i e s  o f  t h e  a l l e l e s  com pared  
may be  o b s e r v e d  i n  T a b l e  4 .  S i g n i f i c a n t  h e t e r o g e n e i t y  a t  two o f  t h e  
f i v e  l o c i ,  PGI-1 and MDH-2, a t  t h e  cx = 0 .0 5  l e v e l  was d e t e c t e d .  Thus 
t h e  h y p o t h e s i s  o f  h o m o g e n e i ty  o f  a l l e l e  f r e q u e n c i e s  was r e j e c t e d  and 
t h e  a l t e r n a t i v e  h y p o t h e s i s  o f  h e t e r o g e n e i t y  a c c e p t e d .  The 
e v o l u t i o n a r y  f o r c e s  c a u s i n g  and m a i n t a i n i n g  t h i s  v a r i a b i l i t y  w i l l  be 
d i s c u s s e d  i n  t h e  l a s t  s e c t i o n .
The h y p o t h e s i s  o f  g e n e t i c a l l y  d i s t i n c t  g r o u p s  s h o u l d  be a c c e p t e d  
w i t h  t h e  c a v e a t  t h a t  a  c l i n a l  d i s t r i b u t i o n  o f  a l l e l e  f r e q u e n c i e s  would
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be d i f f i c u l t  t o  o b s e r v e  b e c a u s e  o f  s a m p l in g  r e s u l t s .  The NMFS s u r v e y s  
c o l l e c t e d  t h e  m a j o r i t y  o f  f l o u n d e r  i n  r e s t r i c t e d  g e o g r a p h i c  a r e a s .  
T h u s ,  t h e  s m a l l  s am p le  s i z e s  n o r t h  o f  M ary land  and s o u t h  o f  t h e  New 
R i v e r ,  N o r th  C a r o l i n a  would  p r e v e n t  d e t e c t i o n  o f  a c l i n e .
A s e c o n d  me thod  u s e d  t o  i n f e r  s t o c k  s t r u c t u r e  i s  c l u s t e r  
a n a l y s i s .  A dendogram was p r o d u c e d  by  UPGMA c l u s t e r i n g  o f  R o g e r ' s  
c o e f f i c i e n t s  o f  g e n e t i c  s i m i l a r i t y  c a l c u l a t e d  b e tw ee n  each  sample  
u s i n g  t h e  F o r t r a n  4 p ro g ra m  BIOSYS-1 d e s c r i b e d  i n  Swofford  and 
S e l a n d e r  ( 1 9 8 1 ) .  The f  i r s t  s t e p  i n  t h i s  p r o c e d u r e  was t o  o b t a i n  a 
s i m i l a r i t y  m a t r i x  a s  s e e n  i n  F i g u r e  4 .  The e n t r i e s  i n  t h e  m a t r i x  a r e  
e s t i m a t e s  o f  t h e  g e n e t i c  s i m i l a r i t y  f o r  e v e r y  sam ple  compared w i t h  
e v e r y  o t h e r  s a m p l e ;  t h e  row and column h e a d i n g s  r e f e r  t o  t h e  sample  
numbers  g i v e n  i n  T a b l e  3 and A p p en d ix  2 .  The v a l u e  in  t h e  p r i n c i p l e  
d i a g o n a l  r e p r e s e n t s  a sam ple  com pared  w i t h  i t s e l f  and i s  t h e r e f o r e  
e q u a l  t o  o n e .  The UPGMA c l u s t e r i n g  s t r a t e g y  d e s c r i b e d  in  S n e a t h  and 
S o k a l  ( 1 9 7 3 )  com pu te s  t h e  a v e r a g e  s i m i l a r i t y  o f  a  c a n d i d a t e  sample  t o  
an  e x t a n t  c l u s t e r ,  w e i g h t i n g  e a c h  sam ple  i n  t h a t  c l u s t e r  e q u a l l y .  
Dendograms o f  UPGMA c l u s t e r i n g  f o r  e a c h  y e a r  and f o r  t h e  y e a r s  
com bined  c an  be  o b s e r v e d  in  F i g u r e s  5 and 6 .  As can  be  s e e n  in  F i g u r e  
5 t h e  combined  y e a r s  dendogram shows t h e  lo w e r  c l u s t e r  c o n t a i n i n g  a l l  
MAB s a m p le s  and  t h e  s i n g l e  INC sam ple  w h i l e  t h e  u p p e r  g ro u p  shows a 
number o f  MAB s a m p le s  d i s p e r s e d  w i t h i n  t h e  p r e d o m i n a n t l y  S o u th e r n  
g r o u p .  The 1982 c l u s t e r  f u r t h e r  p o r t r a y s  t h e  g e n e t i c  s i m i l a r i t y  
b e tw e e n  MAB and INC s a m p le s  w h i l e  s e p a r a t i n g  t h e  one S o u th e rn  sample  
f o r  t h a t  y e a r ,  t h u s  s u p p o r t i n g  t h e  l i k e l i h o o d  r a t i o  t e s t  f i n d i n g  o f  
s i m i l a r i t y  b e tw e e n  t h e  two f o r m e r  g r o u p s .  C l u s t e r  a n a l y s i s  o f  1983
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F i g u r e  4 .  S i m i l a r i t y  m a t r i x  p r e s e n t i n g  a l l  p o s s i b l e  p a i r w i s e  g e n e t i c  
s i m i l a r i t y  v a l u e s .
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F i g u r e  5 .  R e s u l t s  o f  c l u s t e r  a n a l y s i s  o f  g e n e t i c  s i m i l a r i t y  v a l u e s  
u s i n g  UPGMA f o r  combined  y e a r s  d a t a .
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F i g u r e  6 R e s u l t s  o f  c l u s t e r  a n a l y s i s  o f  g e n e t i c  s i m i l a r i t y  v a l u e s  
u s i n g  UPGMA f o r  y e a r s  1982 and 1983 c o n s i d e r e d  s e p a r a t e l y .
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s a m p l e s  show l e s s  d i s c r e t e  c l u s t e r s ,  however  a r e l a t i v e l y  homogeneous  
S o u t h e r n  c l u s t e r  i s  o b s e r v e d .  I t  s h o u l d  be n o t e d  t h a t  b e c a u s e  c l u s t e r  
a n a l y s i s  c an  n o t  d i s t i n g u i s h  c h a n c e  s i m i l a r i t y  f rom s i m i l a r i t y  due  t o  
a l l e l e  m i x i n g ,  i n t e r p r e t a t i o n s  s h o u l d  be a p p r o a c h e d  c a u t i o u s l y .
A v e ra g e  h e t e r z y g o s i t y , H, t h e  mos t  i n f o r m a t i v e  m e a s u r e  o f  g e n e t i c  
v a r i a t i o n  f rom  a l l e l e  f r e q u e n c y  d a t a ,  i s  t h e  p r o p o r t i o n  o f  i n d i v i d u a l s  
i n  a s am p le  t h a t  a r e  h e t e r o z y g o u s  f o r  an a v e r a g e  l o c u s .  A v e rag e  
h e t e r o z y g o s i t y  c a l c u l a t e d  o v e r  15 sam p les  f o r  360 i n d i v i d u a l s  a t  14 
l o c i  was 0 . 1 0 1  0 . 0 5 4 .  T h i s  v a l u e  i s  r e l a t i v e l y  h i g h  compared  t o
0 . 0 5 1  +_ 0 . 0 3 4  c a l c u l a t e d  f o r  O s t e i c h t h y s  by Nevo ( 1 9 7 8 ) .  However ,
Ward and  G a l l e g u i l l o s  (1977 )  c a l c u l a t e d  v a l u e s  o f  0 . 1 0 2  and  0 . 0 7 2  f o r  
P l e u r o n e c t e s  p l a t e s s a  and P l a t i c h t h v s  f l e s u s « r e s p e c t i v e l y .  C ro s s  and  
Ward (1980)  o b t a i n e d  a v a l u e  o f  0 . 0 9 0  f o r  s i x  n o r t h  A t l a n t i c  f l a t f i s h ,  
and  F u j i n o  (19 7 7 )  o b t a i n e d  v a l u e s  o f  0 .0 9 7  and 0 . 0 8 9  f o r  t h e  f l a t f i s h  
P l a t  i c h t h v s  s t e l l a t u s  and K a r e i u s  b i c o l a r a t u s  . The h i g h  
h e t e r o z y g o s i t y  v a l u e s  o f  P l e u r o n e c t i f o r m e s  compared  t o  o t h e r  t e l e o s t s  
w i l l  be  d i s c u s s e d  i n  t h e  l a s t  s e c t i o n .  L ew o n t in  (1974 )  p o i n t s  o u t  
t h a t  one c a u s e  o f  h i g h  s t a n d a r d  e r r o r s  a s s o c i a t e d  w i t h  H c a l c u l a t i o n s  
i s  t h e  s m a l l  number  o f  l o c i  s a m p l e d .  He s t a t e s  t h a t  i f  c o m p a r i s o n s  
b e t w e e n  s p e c i e s  a r e  t o  be made f o r  c o m p a r a t i v e  e v o l u t i o n a r y  s t u d i e s ,  
a p p r o x i m a t e l y  100 l o c i  a r e  r e q u i r e d ,  a f e a t  a c c o m p l i s h e d  o n l y  i n  Homo 
s a p i e n s . A s e c o n d  c a u s e  o f  h i g h  s t a n d a r d  e r r o r s  i s  a  l a r g e  v a r i a n c e  
among l o c i  w i t h  t h e  m a j o r i t y  b e i n g  monomorphic  and t h e  p o l y m o r p h i c  
o n e s  b e i n g  v e r y  h e t e r o z y g o u s .
DISCUSSION
The p r i m a r y  o b j e c t i v e  o f  t h i s  s t u d y  was t o  d e t e r m i n e  t h e  s t o c k  
s t r u c t u r e  o f  summer f l o u n d e r  p o p u l a t i o n s .  I n  a t t e m p t i n g  t o  meet  t h i s  
o b j e c t i v e  two h y p o t h e s e s  w ere  t e s t e d :  t h a t  r e l a t i v e  t o  t h e  p o l y m o r p h ic  
l o c i ,  a l l e l e  f r e q u e n c i e s  w ere  s t a t i s t i c a l l y  homogeneous w i t h i n  and 
b e t w e e n  g e o g r a p h i c  a r e a s .  The above  e l e c t r o p h o r e t i c  a n a l y s i s ,  in  
a c c e p t i n g  t h e  f i r s t  and  r e j e c t i n g  t h e  second  h y p o t h e s i s  h a s  p r o v i d e d  a 
good e s t i m a t e  o f  s t o c k  d i f f e r e n t i a t i o n  i n  t h e  a r e a  s a m p l e d .  However ,  
t h e s e  r e s u l t s  do n o t  u n e q u i v o c a l l y  c o n f i r m  a c e r t a i n  s t o c k  s t r u c t u r e ,  
a s  some s t u d i e s  m a i n t a i n ,  b e c a u s e  o f  v a r i o u s  i n t e r p r e t a t i o n s  t h a t  may 
be  g i v e n  t o  e l e c t r o p h o r e t i c  d a t a .
The f i n d i n g  o f  a l l e l e  f r e q u e n c y  d i f f e r e n c e s  a t  one o r  a  few o f  a  
number  o f  p o l y m o r p h i c  l o c i  i s  n o t  an uncommon o c c u r r e n c e  ( G a l l e g u i l l o s  
and Ward ,  1981;  G ra n t  and U t t e r ,  1980;  J o h n s o n  and B e a r d s l y ,  1 9 7 5 ) .  
W he the r  o r  n o t  t h i s  c a n  be  i n t e r p r e t e d  a s  r e f l e c t i n g  r e p r o d u c t i v e  
i s o l a t i o n  d ep en d s  on w h e t h e r  o r  n o t  t h e  v ie w  t h a t  n a t u r a l  s e l e c t i o n  
c an  a c t  d i r e c t l y  on a s i n g l e  l o c u s  i s  a c c e p t e d .  F o r  e x a m p le ,  one 
i n t e r p r e t a t i o n  f o r  PGI-1  and MDH-2 h e t e r o g e n e i t y  c o u l d  be t h a t  t h a t  
n a t u r a l  s e l e c t i o n  i s  a c t i n g  i n d e p e n d e n t l y  on t h e s e  l o c i  i n  t h e  two 
s t o c k s  w h i l e  t h e  o t h e r  l o c i  a r e  s e l e c t i v e l y  n e u t r a l  w i t h  m i g r a t i o n  
swamping o u t  t h e i r  a l l e l e  f r e q u e n c y  d i f f e r e n c e s ;  t h u s  g e n e  f l o w  
n e g a t e s  t h e  s t o c k  c o n c e p t  a s  u s e d  in  t h i s  p a p e r .  E v i d e n c e  f o r  
s e l e c t i o n  a c t i n g  on a s p e c i f i c  l o c u s  i s  n o t  d i f f i c u l t  t o  f i n d  i n  t h e
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l i t e r a t u r e  ( C h r i s t i a n s e n  e t . a l .  1974;  M e r r i t t ,  1972;  T e m p l e t o n ,  1980) 
and  a number o f  a u t h o r s  h a v e  a d o p t e d  s u c h  an  i n t e r p r e t a t i o n  t o  e x p l a i n  
g e o g r a p h i c  v a r i a b i l i t y  in  i sozymes  ( A s p i n w a l l ,  1974;  J o h n s o n , 1 9 7 1 ;
Koehn e t . a l .  1 9 7 6 ) .  A l t e r n a t i v e l y ,  t h e  o p e r a t i o n  o f  s e l e c t i o n  may be 
u s e d  t o  s u p p o r t  t h e  i d e a  t h a t  s t o c k s  a r e  e x h i b i t i n g  s i g n i f i c a n t  
r e p r o d u c t i v e  i s o l a t i o n  by s t a t i n g  t h a t  PGI-1  and MDH-2 may be 
s e l e c t i v e l y  n e u t r a l  w i t h  l i t t l e  gene  f l o w  b e t w e e n  s t o c k s ,  w h i l e  t h e  
o t h e r  l o c i  a r e  h e l d  a t  e q u a l  f r e q u e n c i e s  by  s e l e c t i o n .  An e x p l a n a t i o n  
t h a t  d o e s  n o t  r e q u i r e  a d o p t i n g  a s e l e c t i o n i s t  i n t e r p r e t a t i o n  i s  t h a t  
a l l  l o c i  a r e  s e l e c t i v e l y  n e u t r a l  and t h a t  v a r i a t i o n  i n  t h e  d e g r e e  o f  
d i f f e r e n c e  b e t w e e n  l o c i  i s  t h e  r e s u l t  o f  d i f f e r e n c e s  i n  t h e  r a t e  o f  
m o l e c u l a r  e v o l u t i o n  f o r  e a c h  o f  t h e  enzyme s y s t e m s .
The a b o v e  di lemma r e f l e c t s  an  o n g o in g  c o n t r o v e r s y  t h a t  s u r f a c e d  
i n  t h e  l a t e  1 9 6 0 ' s  i n  an  e f f o r t  t o  e x p l a i n  t h e  l a r g e  am ounts  o f  
g e n e t i c  p o ly m o rp h i s m s  o b s e r v e d  u s i n g  e l e c t r o p h o r e s i s .  One g r o u p ,  
r e f e r r e d  t o  a s  " n e u t r a l i s t s ” , b e l i e v e  t h a t  s e l e c t i o n  has  no 
a p p r e c i a b l e  f u n c t i o n  in  m a i n t a i n i n g  d i f f e r e n t  e l e c t r o p h o r e t i c  a l l e l e s  
and  t h a t  i sozym e v a r i a n t s  a r e  p r e s e n t  b e c a u s e  o f  m u t a t i o n  and random 
g e n e t i c  d r i f t  i n  i s o l a t e d  p o p u l a t i o n s .  The s e c o n d  g r o u p ,  known a s  
" s e l e c t i o n i s t s ” h o l d  t h a t  a b a l a n c i n g  s e l e c t i o n  i s  r e s p o n s i b l e  f o r  t h e  
m a j o r i t y  o f  e l e c t r o p h o r e t i c  a l l e l e s ;  b a l a n c i n g  s e l e c t i o n  u s e d  a s  a  
c a t c h a l l  t e rm  f o r  any  t y p e  o f  s e l e c t i o n  t h a t  c a n  m a i n t a i n  a s t a b l e  
p o ly m o rp h i s m  ( f o r  ex am p le s  s e e  H e n d r i c k  e t . a l .  1 9 7 6 ) .
I n  t e rm s  o f  q u a n t i f i a b l e  d a t a  open  t o  h y p o t h e s i s  t e s t i n g  ( A y a l a ,  
1976;  L e w o n t i n ,  1974)  t h e  n e u t r a l  m u t a t i o n  t h e o r y  seems most  t e n a b l e .  
F u r t h e r  s u p p o r t  f o r  t h i s  p o s i t i o n  may be i n f e r r e d  f rom  t h e  v ie w  t h a t  
n a t u r a l  s e l e c t i o n  a c t s  on g e n o t y p e s  o n l y  t h r o u g h  t h e  p h e n o t y p e s  t h a t
44
t h e y  p r o d u c e  (M ayr ,  1 9 7 0 ) .  Thus m e t a b o l i c  enzymes may be t h o u g h t  o f  
a s  somewhat s h i e l d e d  f rom s e l e c t i o n ,  s i n c e  one e x t e r n a l  ch an g e  in  an 
o r g a n i s m  t h a t  can  be  a c t e d  on by n a t u r a l  s e l e c t i o n  i s  u s u a l l y  t h e  
e f f e c t  n o t  o f  a s i n g l e  enzyme m o l e c u l e  b u t  o f  an  e n t i r e  s e t  o f  
m e t a b o l i c  p a t h w a y s .  U t t e r  ( 1 9 8 1 )  and I h s e n  e t . a l .  (1981 )  p o i n t  o u t  
t h a t  mos t  f i s h e r i e s  s t u d i e s  w i t h  management a p p l i c a t i o n s  must  b e g i n  
w i t h  t h e  n e u t r a l i t y  a s s u m p t i o n  in  o r d e r  t o  e x p l a i n  o b s e r v e d  p o p u l a t i o n  
d i f f e r e n c e s .  T h u s ,  t h e  i n t e r p r e t a t i o n  g i v e n  t o  t h e  g e n e t i c  v a r i a t i o n  
o b s e r v e d  i n  t h i s  s t u d y  i s  t h a t  two g e o g r a p h i c  p a r t i t i o n s  -  MAB and 
S o u t h e r n  -  a r e  s u f f i c i e n t l y  r e p r o d u c t i v e l y  i s o l a t e d  t o  c a u s e  m i n im a l  
gene  f lo w  and c o n s e q u e n t  s i g n i f i c a n t  d i f f e r e n c e s  i n  a l l e l e  f r e q u e n c i e s  
f o r  PGI-1 and MDH-2. The l a c k  o f  d i f f e r e n c e s  a t  t h e  o t h e r  l o c i  may be 
a t t r i b u t e d  t o  s l o w e r  r a t e s  o f  amino a c i d  s u b s t i t u t i o n s  i n  t h e s e  
enzymes a s  b o t h  n e u t r a l i s t s  and s e l e c t i o n i s t s  a g r e e  t h a t  d i f f e r e n t  
p r o t e i n s  e v o l v e  a t  d i f f e r e n t  r a t e s  ( C l a y t o n ,  1981;  D i c k e r s o n ,  1972;  
L a n g l e y  and F i t c h ,  1974;  S a r i c h ,  1 9 7 7 ) .
In  e x p l a i n i n g  t h e  c o m p a r a t i v e l y  h i g h  a v e r a g e  h e t e r o z y g o s i t y  v a l u e  
o b t a i n e d  in  t h i s  s t u d y  (and  i n  p l e u r i n e c t i f o r m e s  i n  g e n e r a l )  e i t h e r  a 
n e u t r a l i s t  o r  s e l e c t i o n i s t  i n t e r p r e t a t i o n  may be g i v e n .  I n  e s t i m a t i n g  
t h i s  v a l u e  a number  o f  q u a l i f i c a t i o n s  s h o u l d  be c o n s i d e r e d .  F i r s t ,  a s  
em p h a s i z e d  by Nei  and  R o ychoudbury  ( 1 9 7 4 ) ,  a l a r g e  number  o f  l o c i  
s h o u l d  be e x a m in e d ;  g e n e r a l l y  20 i s  a  minimum, h ow ever  Nevo (1978 )  
i n c l u d e d  s t u d i e s  u s i n g  a s  few a s  14 l o c i  in  h i s  a n a l y s i s .  A second  
c o n s i d e r a t i o n  i n  e s t i m a t i n g  h e t e r o z y g o s i t y  i s  t h e  c l a s s  o f  isozym es  
u s e d ,  a s  d i f f e r e n t  c l a s s e s  h a v e  b e e n  found  t o  h a v e  d i f f e r e n t  amounts  
o f  v a r i a t i o n  (K oj im a  e t . a l .  1970;  P o w e l l ,  1 9 7 5 ) .  I n  a n a l y z i n g  
enzymes t h a t  were  g l u c o s e : m e t a b o l i z i n g  and n o n g l u c o s e  m e t a b o l i z i n g ;
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m o n o m e r ic ,  d i m e r i c ,  and  t e t r a m e r i c ;  and i s o m e r a s e s ,  t r a n s f e r a s e s ,  and 
o x i d o r e d u c t a s e s  , t h i s  b i a s  may be  c i r c u m v e n t e d .  A l s o ,  o n l y  a s m a l l  
p a r t  o f  t h e  v a r i a t i o n  i n  a f r a c t i o n  o f  t h e  genome i s  d e t e c t e d  u s i n g  
e l e c t r o p h o r e s i s .  Only  t h o s e  DNA b a s e  ch a n g e s  in  s t r u c t u r a l  g e n e s  
w h ic h  r e s u l t  i n  an  amino a c i d  s u b s t i t u t i o n  w hich  c h a n g e s  t h e  c h a r g e  o f  
a  p r o t e i n  a r e  d e t e c t e d .  I t  i s  r e p o r t e d  t h a t  o n l y  30% o f  amino a c i d  
s u b s t i t u t i o n s  i n  a p r o t e i n  c an  be  d e t e c t e d  by e l e c t r o p h o r e s i s  
( L e w o n t i n ,  1 9 7 4 ) .  T h u s ,  f i n d i n g  no e l e c t r o p h o r e t i c  v a r i a t i o n  i n  an 
a n a l y s i s  i s  n o t  p r o o f  o f  a b s e n c e  o f  g e n e t i c  v a r i a t i o n  i n  a p o p u l a t i o n .
One s e l e c t i o n i s t  t h e o r y  t h a t  may be u s e d  t o  e x p l a i n  h i g h  
h e t e r o z y g o s i t y  v a l u e s  o b s e r v e d  in  P l e u r o n e c t i f o r m e s  i s  t h e  h a b i t a t -  
s p e c i a l i s t  t h e o r y  (N evo ,  1 9 7 8 ) .  H a b i t a t  g e n e r a l i s t s  i n c l u d e  o r g a n i s m s  
t h a t  a r e  w i d e s p r e a d ,  v a g i l e ,  and  b ro a d  n i c h e d  w h i l e  s p e c i a l i s t s  a r e  
c o m p r i s e d  o f  g e o g r a p h i c a l l y  r e s t r i c t e d ,  l o c a l ,  n a r r o w  n i c h e d ,  i s o l a t e d  
p o p u l a t i o n s .  P a r a l i c h t h v s  d e n t a t u s  w i t h  i t s  e x t e n s i v e  m i g r a t o r y  
h a b i t s ,  o p p o r t u n i s t i c  f e e d i n g ,  and r e l a t i v e l y  w i d e s p r e a d  d i s t r i b u t i o n  
may b e  c o n s i d e r e d  a g e n e r a l i s t .  I n  com par ing  237 s p e c i e s  o f  p l a n t s ,  
i n v e r t e b r a t e s ,  and v e r t e b r a t e s  Nevo found s i g n i f i c a n t  d i f f e r e n c e s  
b e tw e e n  s p e c i a l i s t s  and  g e n e r a l i s t s  (H=0.046 and H = 0 . 1 6 0 ) ,  
r e s p e c t i v e l y .  He c o n c l u d e s  t h a t  e c o l o g i c a l  h e t e r o g e n e i t y  i n  p h y s i c a l  
and b i o l o g i c a l  v a r i a b l e s  a r e  m a j o r  d e t e r m i n a n t s  o f  g e n e t i c  v a r i a t i o n .  
As i n d i c a t e d  p r e v i o u s l y ,  c o r r e l a t i o n  does  n o t  e q u a l  c a u s e  and e f f e c t ,  
i n  f a c t  Nevo p o i n t s  o u t  t h a t  e x p e r i m e n t s  a r e  n e e d e d  t o  e s t a b l i s h  
d i r e c t  r e l a t i o n s h i p s  b e tw e e n  e c o l o g i c a l  and g e n e t i c  v a r i a b i l i t y .
The h i g h  h e t e r o z y g o s i t y  o f  summer f l o u n d e r  may a l s o  be  e x p l a i n e d  
by  a n e u t r a l i s t  a p p r o a c h .  S m a l l  i s o l a t e d  p o p u l a t i o n s ,  u n d e r  t h e  
i n f l u e n c e  o f  random g e n e t i c  d r i f t  o r  f o u n d e r  e f f e c t s  w i l l  g e n e r a l l y  be
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l e s s  v a r i a b l e  a t  t h e  p r o t e i n  l e v e l  t h a n  l a r g e r  p o p u l a t i o n s .  Thus 
m a r i n e  f i s h  p o p u l a t i o n s  o f  C l u p e i d a e ,  G a d i d a e ,  and P l e u r o n e c t i d a e  
would  be  e x p e c t e d  t o  h a v e  g r e a t e r  g e n e t i c  v a r i a b i l i t y  due t o  l a r g e  
p o p u l a t i o n  s i z e ,  w ide  d i s p e r s a l  a b i l i t y ,  and a w e l l  mixed  g e n e  p o o l .
A t o t a l  o f  613 f i s h  f rom s e v e n  i n s h o r e  s t a t i o n s  r a n g i n g  from 
C h a r l e s t o n ,  SC t o  S h i n n e c o c k ,  NY w ere  a n a l y z e d  a t  t h e  PGI—1 ,  P G I - 2 ,  
and  PGM l o c i .  ADH and MDH w ere  n o t  a n a l y z e d  due  t o  l a b o r a t o r y  
c o n s t r a i n t s  ( s h o r t a g e  o f  power  s u p p l i e s  and r e a g e n t s ) .  The 
f r e q u e n c i e s  f o r  t h e s e  s a m p le s  a r e  p r e s e n t e d  in  A ppend ix  3 .  Between 
s t a t i o n  h o m o g e n e i ty  was t e s t e d  a t  t h e  PGI-1  l o c u s  w i t h  an  RxC t e s t  o f  
i n d e p e n d e n c e  u s i n g  t h e  G s t a t i s t i c .  No s i g n i f i c a n t  d i f f e r e n c e s  were 
o b s e r v e d  (G = 3 .1 4 ,  P > 0 . 2 5 ) .  One r e a s o n  f o r  t h i s  may be  t h a t  m i x in g  i s  
o c c u r r i n g  b e tw e e n  t h e  s t o c k s  on t h e  summering g r o u n d s .  The s i m i l a r i t y  
i n  f r e q u e n c i e s  b e tw e e n  t h e  s o u t h e r n  sam ple s  and t h e  n o r t h e r n  i n s h o r e  
s t a t i o n s  i s  d i f f i c u l t  t o  e x p l a i n .  Whi le  i t  may be  t h a t  members o f  t h e  
s o u t h e r n  g ro u p  c o n t r i b u t e  t o  t h e  C h esap ea k e  and C h i n c o t e a g u e  f i s h e r i e s  
i t  wou ld  be  p r e s u m p t u o u s  t o  s a y  t h e y  m i g r a t e  a s  f a r  a s  e a s t e r n  Long 
I s l a n d  and r e t u r n  t o  spawn w i t h  s o u t h e r n  f i s h  e a c h  f a l l  w i t h o u t  
f u r t h e r  e v i d e n c e .  A t a g g i n g  s t u d y  in  t h e  C h es ap ea k e  Bay (w h ic h  i s  
c e n t r a l  i n  t h e  f l o u n d e r s  d i s t r i b u t i o n ,  a p p e a r s  t o  be an  a r e a  o f  
m i x i n g ,  and i s  a p r i m a r y  n u r s e r y  g ro u n d  f o r  n o r t h e r n  f i s h e r i e s )  would  
p r o v i d e  v a l u a b l e  i n f o r m a t i o n .
I t  may be  a r g u e d  t h a t  i f  s t o c k  m i x t u r e  i s  i n d e e d  o c c u r r i n g  d u r i n g  
t h e  summer m o n t h s ,  h e t e r o z y g o t e  d e f i c i e n c i e s  would  h a v e  b e e n  o b s e r v e d  
and  d e v i a t i o n s  f rom H a rd y -W ein b e rg  e q u i l i b r i u m  w ould  have  b e e n  
e v i d e n t .  T h i s  h a s  b e e n  t e rm e d  t h e  Walhund e f f e c t  and  r e s u l t s  f rom 
m i x i n g  o f  p o p u l a t i o n s  w i t h  s i g n i f i c a n t l y  d i f f e r e n t  a l l e l e  f r e q u e n c i e s
( L i ,  1 9 5 5 ) .  As can  be o b s e r v e d  in  T a b l e  1 no d e v i a t i o n s  f rom H a r d y -  
W einberg  p r o p o r t i o n s  w e re  e v i d e n t  i n  any summer s a m p l e .  S e l a n d e r  
( 1 9 7 0 )  p o i n t s  o u t  t h a t  a d i f f i c u l t y  in  u s i n g  h e t e r o z y g o t e  d e f i c i e n c y  
a s  a m e a s u r e  o f  p o p u l a t i o n  a d m i x t u r e  i s  t h a t  h e t e r o s i s  ( h e t e r o z y g o t e  
s u p e r i o r i t y )  may p a r t i a l l y  o r  c o m p l e t e l y  mask t h e  Walhund e f f e c t .  
F u r t h e r m o r e ,  Workman (1 9 6 9 )  s t a t e s  t h a t  f a i l u r e  t o  d e t e c t  a 
s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  an  o b s e r v e d  and  e x p e c t e d  d i s t r i b u t i o n  
d oes  n o t  p e r m i t  a s s e r t i o n s  t o  be  made a b o u t  t h e  e x i s t e n c e  o f  f o r c e s  
a c t i n g  on t h e  g e n e t i c  v a r i a t i o n  o f  a  p o p u l a t i o n  a s  t h e  e f f e c t  o f  a l l  
f a c t o r s  ( s u c h  a s  i n b r e e d i n g ,  s e l e c t i o n ,  random g e n e t i c  d r i f t ,  and 
m i x t u r e  o f  p o p u l a t i o n s  n o t  c o m p l e t e l y  i n t e r b r e d )  may r e s u l t  i n  a  n e t  
d e v i a t i o n  f ro m  H ard y -W e in b e rg  p r o p o r t i o n s  c l o s e  t o  z e r o .  I t  i s  t h u s  
d i f f i c u l t  t o  q u a n t i f y  t h e  d e g r e e  t o  w hich  v a r i o u s  g e n e t i c  and 
e n v i r o n m e n t a l  f a c t o r s  e f f e c t  a l l e l e  f r e q u e n c i e s  o f  a s a m p l e .
W hi le  t h i s  s t u d y  h a s  fo u n d  g e n e t i c  s i m i l a r i t y  be tw e e n  MAB and  INC 
g r o u p s ,  t h i s  r e s u l t  s h o u l d  be a p p r o a c h e d  c a u t i o u s l y .  The number o f  
f l o u n d e r  c o l l e c t e d  b e t w e e n  Cape Lookout and Cape H a t t e r a s  was s m a l l ;  
t h u s  t h e  f r e q u e n c i e s  may n o t  a c c u r a t e l y  r e p r e s e n t  t h e  p o p u l a t i o n  
w i t h i n  t h i s  a r e a .  A l s o ,  G i l l i k e n  ( i n  p r e p . )  d i d  n o t  r e c o r d  any  
o f f s h o r e  w i n t e r  r e t u r n s  f rom f i s h  t a g g e d  in  t h e  INC r e g i o n .  T h i s  has  
b e e n  i n t e r p r e t e d  a s  an  i n d i c a t i o n  o f  l i t t l e  o r  no  r e p r o d u c t i v e  m i x i n g  
b e t w e e n  INC and MAB, t h u s  l e a d i n g  t o  t h e  c o n c e p t  o f  i n s h o r e  and 
o f f s h o r e  s t o c k s .  C l o s e r  e x a m i n a t i o n  o f  G i l l i k e n ' s  d a t a  c a u s e s  one  t o  
q u e s t i o n  t h i s  o b s e r v a t i o n .  Of i n t e r e s t  i s  t h e  f a c t  t h a t  a number  o f  
r e t u r n s  (14% o f  t h o s e  r e p o r t e d  b e tw e e n  J a n u a r y  15 and  March 15)  came 
f rom  two p o r t s ,  Oregon  I n l e t  and  V i r g i n i a  B each ,  w he re  a c c o r d i n g  t o  
p o r t  s a m p l in g  a g e n t s  ( R i c h a r d  D e n z l e r ,  J e f f  R o s s ,  p e r s . comm.) t h e r e
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i s  no w i n t e r  i n s h o r e  f i s h e r y ,  t h e  v a s t  m a j o r i t y  o f  l a n d i n g s  came f rom 
l a r g e  t r a w l e r s  f i s h i n g  o f f s h o r e  g r o u n d s .  N o n r e p o r t i n g  o f  t a g s  was a 
r e p o r t e d  p r o b le m  i n  t h i s  s t u d y  ( S c a r l e t t ,  1 9 8 1 ) .  F o g a r t y  (1 9 8 1 )  
s u g g e s t s  t a g  in d u c e d  m o r t a l i t y  a s  an e x p l a n a t i o n  f o r  t h e  low 
p e r c e n t a g e  o f  r e t u r n s  i n  t h i s  s t u d y ,  p a r t i c u l a r l y  f o r  f i s h  <30 cm TL 
( w h i c h ,  i f  m i x in g  d o es  o c c u r  would  be e x p e c t e d  t o  r e c r u i t  t o  n o r t h e r n  
f i s h e r i e s  i n  l a t e r  y e a r s ) .  I h s s e n  e t . a l .  ( 1981 )  s t a t e  t h a t  one  o f  
t h e  q u a l i f i c a t i o n s  i n  u s i n g  m a rk i n g  s t u d i e s  t o  a d d r e s s  s t o c k  p ro b le m s  
i s  t h a t  a l l  s t a g e s  o f  l i f e  h i s t o r y  s h o u l d  be f o l l o w e d ,  a s  j u v e n i l e  
r e c r u i t m e n t  t o  t h e  a d u l t  p o p u l a t i o n  i s  c r i t i c a l  i n  t e rm s  o f  d e f i n i n g  
g e n e t i c  i s o l a t i o n .
S i g n i f i c a n t  d i f f e r e n c e s  w e re  o b s e r v e d  b e tw e e n  f i s h  w i n t e r i n g  
n o r t h  o f  Cape H a t t e r a s  and  s o u t h  o f  Cape L o o k o u t . As t h e  s o u t h e r n  
f i s h  may c o n t r i b u t e  s u b s t a n t i a l l y  t o  t h e  t o t a l  f l o u n d e r  c a t c h ,  
p a r t i c u l a r l y  d u r i n g  t h e  f a l l  i n s h o r e  f i s h e r y  o f f  o f  N o r th  C a r o l i n a ,  a 
management p l a n  t r e a t i n g  f l u k e  as  a s i n g l e  s t o c k  and a d a p t i n g  a c o a s t -  
w ide  minimum s i z e  l i m i t ,  may be  u n f a i r  t o  f i s h e r m e n  a s  a g e  a n d / o r  s i z e  
a t  f i r s t  m a t u r i t y  may d i f f e r  b e tw e e n  t h e  s t o c k s .  The f i n d i n g s  
d i s c u s s e d  above  s h o u l d  p r o v i d e  an  im p e tu s  f o r  r e s e a r c h  d i r e c t e d  a t  
d e t e r m i n i n g  t h e  c o n t r i b u t i o n  o f  t h e  i d e n t i f i e d  s t o c k s  t o  t h e  v a r i o u s  
r e g i o n a l  f i s h e r i e s  and t o  q u a n t i f y  w hich  p o p u l a t i o n  p a r a m e t e r s  d i f f e r  
b e tw e e n  them .
CONCLUSIONS
I n  l i g h t  o f  t h e  c u r r e n t  f i s h e r i e s  and e l e c t r o p h o r e t i c  l i t e r a t u r e  
t h e  r e s u l t s  o f  t h i s  s t u d y  a r e  b o t h  s u p p o r t i v e  and p a r a d o x i c a l .  The 
b a n d i n g  p a t t e r n s  o f  t h e  f i v e  p o ly m o r p h ic  l o c i  a r e  a s  e x p e c t e d  
a c c o r d i n g  t o  t h e i r  q u a r t e r n a r y  s t r u c t u r e  and  a r e  s i m i l a r  t o  t h o s e  
r e p o r t e d  i n  o t h e r  f l a t f i s h .  The h i g h  h e t e r o z y g o s i t y  v a l u e  i s  in  
a g r e e m e n t  w i t h  t h e  g e n e r a l l y  h i g h  v a l u e s  c a l c u l a t e d  f o r  
P l e u r o n e c t i f o r m e s . S t a n d a r d  s t a t i s t i c a l  t e c h n i q u e s  and c l u s t e r  
a n a l y s i s  s u p p o r t  t h e  c o n c e p t  o f  s e p a r a t e  s t o c k s  n o r t h  o f  Cape H a t t e r a s  
and  s o u t h  o f  Cape L o o k o u t .  The q u a n d a ry  o f  t h e  g e n e t i c  d i s t i n c t n e s s  
o f  f l o u n d e r  t h a t  w i n t e r  a l o n g  N o r th  C a r o l i n a ' s  o u t e r  banks  n o r t h  o f  
Cape Lookou t  c a n  n o t  f u l l y  be  r e s o l v e d .  T h i s  s t u d y  has  found  g e n e t i c  
a f f i n i t i e s  b e tw e e n  t h e  so  c a l l e d  i n s h o r e  s t o c k  and  t h e  n o r t h e r n  s t o c k  
i n d i c a t i n g  g e n e  f l o w  b e tw e e n  t h e  g r o u p s .  However t h e  s m a l l  sam ple  
s i z e  from t h e  INC g r o u p  does  n o t  a l l o w  a d e f i n i t i v e  s t a t e m e n t  t o  be 
m ade .  F u r t h e r  w o r k ,  p a r t i c u l a r l y  a m a r k - r e c a p t u r e  s t u d y  i n  C h es ap ea k e  
Bay ( a  p r o b a b l e  a r e a  o f  m i x i n g ) ,  would p r o v i d e  i n s i g h t  i n t o  t h i s  
p r o b l e m .
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APPENDIX 1
LOCATION DATE BOAT GEAR
S h in n e c o c k  I n l e t ,  N.Y. 8 / 3 1 / 8 2  A nn ie  Lane
4 0 ° 5 0 'N  72°28'W
Cape May, N . J .  
3 8 ° 5 4 'N  74°52 'W 
D e la w a re  Bay
3 8 ° 5 1 'N  75°08 'W
C h i n c o t e a g u e , VA
3 7 ° 5 2 'N  75°21 'W
C h e s a p e a k e  Bay
3 6 ° 5 9 'N  7 5°42 'W
P a m l i c o  Sound 
3 5 ° 2 4 'N  75°45 'W 
C h a r l e s t o n ,  S .C .
3 2 ° 4 2 'N  79°45 'W
9 / 1 / 8 2
8 / 1 8 / 8 2
8 / 2 3 / 8 2
4 0 /5 0  n e t  
cod e n d :  5 . 2 5  i n .  
Day b o a t s  d r a g g i n g  i n s h o r e  Cape May 
w a t e r s ,  A x e l s o n  and J o h n s o n  I n c .  
W o l v e r in e  30 f o o t  h e a d  ro p e
cod e n d :  2 . 0 0  i n .  
6 3 /7 3  n e t  
cod e n d :  4 . 0 0  i n .  
30 f o o t  h e a d  ro p e  
cod e n d :  1 . 2 5  i n .  
Pound n e t
( U . o f  D . )  
Susan  Dawn
9 / 2 2 / 8 2  John  Smith
8 / 2 5 / 8 2
8 / 1 2 / 8 2  S c o t t y  & S h e r r i l l  7 0 '  s h r im p  t r a w l s
cod en d :  1 . 8 8  i n .
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APPENDIX 2
SAMPLE NUMBER NMFS STATION DATE LOCATION
NUMBER N W
MAB-1 178 3 / 3 1 / 8 2 4 0 ° 1 6 ' 70°48
180 3 / 3 1 / 8 2 4 0 ° 0 5 ' 7 1°23
182 3 / 3 1 / 8 2 4 0 ° 0 5 ' 7 1°16
183 3 / 3 1 / 8 2 4 0 ° 0 5 ' 7 1°23
184 3 / 3 1 / 8 2 4 0 ° 0 3 ' 7 1°36
168 3 / 2 5 / 8 2 3 9 ° 2 8 ' 7 2°40
194 4 / 1 / 8 2 3 9 ° 4 9 ' 7 2°57
MAB-2 166 3 / 2 4 / 8 3 3 9 ° 2 7 ' 7 2°45
158 3 / 2 3 / 8 3 39 °4 1 " 7 2°52
165 3 / 2 3 / 8 3 3 9 ° 1 3 ' 7 2°45
162 3 / 2 3 / 8 3 3 9 ° 0 3 ' 7 2°56
MAB-3 134 3 / 2 1 / 8 3 3 8 ° 5 3 ' 73°47
129 3 / 2 0 / 8 3 3 8 ° 3 5 ' 7 3°25
128 3 / 2 0 / 8 3 3 8 ° 3 2 ' 73°43
125 3 / 2 0 / 8 3 3 8 ° 1 9 ' 7 3°38
139 3 / 2 1 / 8 3 3 8 ° 2 9 ' 75°00
124 3 / 2 0 / 8 3 3 8 ° 0 3 ' 74°12
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123 3 / 2 0 / 8 3 3 7 ° 5 8 ' 74°16
MAB-4 108 3 / 2 0 / 8 2 3 7 ° 1 6 ' 74°39
109 3 / 2 0 / 8 2 3 7 ° 1 6 ' 74°39
MAB-5 110 3 / 2 0 / 8 2 3 7 ° 2 6 ' 74°49
111 3 / 2 1 / 8 2 3 7 ° 2 2 ' 74°37
MAB-6 100 3 / 1 8 / 8 2 3 6 ° 4 6 ' 7 5°54
126 3 / 2 2 / 8 2 3 7 ° 3 5 ' 75°33
MAB-7 1 3 / 1 1 / 8 2 3 6 ° 4 5 ' 74°45
5 3 / 1 1 / 8 2 3 6 ° 2 2 ' 74°53
MAB-8 7 3 / 1 1 / 8 2 3 6 ° 0 7 ' 7 5°02
9 3 / 1 1 / 8 2 35°52" 74°53
MAB-9 11 3 / 9 / 8 3 3 7 ° 2 0 ' 74°48
12 3 / 9 / 8 3 3 7 ° 1 3 ' 74°42
13 3 / 9 / 8 3 3 7 ° 0 8 ' 74°48
22 3 / 1 0 / 8 3 3 6 ° 4 1 ' 74°41
20 3 / 1 0 / 8 3 3 6 ° 4 0 ' 75°09
23 3 / 1 1 / 8 3 3 6 ° 2 5 ' 74°46
26 3 / 1 1 / 8 3 3 5 ° 5 4 ' 74°56
INC-10 87 3 / 1 7 / 8 2 35°08" 7 5 ° 2 8 ‘
84 3 / 1 7 / 8 2 3 5 ° 0 5 ' 7 5°57
83 3/17/82
82 3 / 1 7 / 8 2
SOUTHERN-11 61 3 / 1 6 / 8 2
71 3 / 1 6 / 8 2
72 3 / 1 6 / 8 2
73 3 / 1 6 / 8 2
SOUTHERN-12 68 3 / 1 5 / 8 3
70 3 / 1 5 / 8 3
SOUTHERN-13 72 3 / 1 5 / 8 3
66 3 / 1 4 / 8 3
SOUTHERN-14 71 3 / 1 5 / 8 3
SOUTHERN-15 60 3 / 1 4 / 8 3
56 3 / 1 4 / 8 3
52 3 / 1 3 / 8 3
51 3 / 1 3 / 8 3
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VITA
G a r r e t  Van Housen
Born i n  P a t e r s o n ,  New J e r s e y ,  Ju n e  13 ,  1958.  R e c e iv e d  h i g h  
s c h o o l  d ip l o m a  f rom  Haw thorne  High  S c h o o l ,  H aw th o rn e ,  New J e r s e y ,
19 7 6 .  R e c e i v e d  B .S .  i n  b i o l o g i c a l  s c i e n c e s  f rom Houghton  C o l l e g e ,  
19 8 0 .  I n  S e p t e m b e r ,  1981 ,  e n t e r e d  t h e  S ch o o l  o f  M ar in e  S c i e n c e  o f  t h e  
C o l l e g e  o f  W i l l i a m  and Mary i n  V i r g i n i a  ( V i r g i n i a  I n s t i t u t e  o f  M a r in e  
S c i e n c e ) .  P r e s e n t l y  employed  by t h e  U n i v e r s i t y  o f  N o r th  C a r o l i n a  Sea 
G r a n t  P ro g ram  a s  a r e g i o n a l  m a r i n e  s p e c i a l i s t .
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